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4AMS   4 Å molecular sieves 
5-AP-AZADO  5-(3-acetoxypropyl)-AZADO 
5-BP-AZADO  5-(p-(benzyloxy)phenyl)-AZADO 
5-HP-AZADO  5-(3-hydroxypropyl)-AZADO 
ABNO   9-azabicyclo[3.3.1]nonane N-oxyl 
Ac   acetyl 
AIBN   2,2’-azobisisobutyronitrile 
Anal.   analysis 
aq.   aqueous 
ATR   attenuated total reflection 
AZADO   2-azaadamantane N-oxyl 
AZADOL  2-azaadamantan-2-ol 
Bn   benzyl 
Boc   tertiary-butoxycarbonyl 
BOM   benzyloxymethyl 
bpy   2,2’-bipyridyl 
br   broad 
Bu   butyl 
Bz   benzoyl 
ca.    circa 
Calcd.    calculated 
cat.   catalytic amount 
Cbz   benzyloxycarbonyl 
conc.    concentrated 
conv.   conversion 
d   doublet 
d   day(s) 
DABCO   1,4-diazabicyclo[2.2.2]octane 
DBU   1,8-diazabicyclo[5.4.0]undec-7-ene 
DIBAL-H  diisobutylaluminium hydride 
DIC   N,N’-diisopropylcarbodiimide 
DMAP   4-dimethylaminopyridine 
DMF   N,N-dimethylformamide 
DMP   Dess-Martin periodinane 
DMSO   dimethyl sulfoxide 
DPPA   diphenylphosphoryl azide 
ee   enantiomeric excess 
EI   electron ionization 
eq.   equivalent 
ESI   electrospray ionization 
Et   ethyl 
et al.   et alia 
GC   gas chromatography 
GPC   gel permeation chromatography 
h   hour(s) 
HFIP   1,1,1,3,3,3-hexafluoro-2-propanol 
HPLC   high performance liquid chromatography 
HRMS   high resolution mass spectrometry 
Hz   Hertz 
i-   iso- 
IBX   2-iodoxybenzoic acid 
IR   infrared spectroscopy 
J   coupling constant 
keto-ABNO  9-azabicyclo[3.3.1]nonan-3-one N-oxyl 
LAH   lithium aluminum hydride 
LDA   lithium diisopropylamide 
lit.    literature value 
M   molarity 
m   multiplet 
m/z   mass-to-charge ratio 
mCPBA   meta-chloroperbenzoic acid 
Me   methyl 
min   minute(s) 
mol   mole(s) 
MOM   methoxymethyl 
mp   melting point 
Ms   methanesulfonyl 
MS   mass spectrometry 
MS13X   molecular sieves 13X 
MWI   microwave irradiation 
N   normality 
n-   normal- 
N.R.   no reaction 
NBS   N-bromosuccinimide 
NCS   N-chlorosuccinimide 
NMI   N-methylimidazole 
NMR   nuclear magnetic resonance 
nor-AZADO  9-azanoradamantane N-oxyl 
NOx   nitrogen oxides 
Ns   ortho-nitrobenzenesulfonyl 
p-Ns   para-nitrobenzenesulfonyl 
o-   ortho- 
p-   para- 
P.U.   polyurethane 
PCC   pyridinium chlorochromate 
PDC   pyridinium dichromate 
Ph   phenyl 
pH   power of hydrogen 
PMB   para-methoxybenzyl  
ppm   parts per million 
Pr   propyl 
PS   polymer-supported 
q   quartet 
quint   quintet 
rpm   revolutions per minute 
rt   room temperature 
s   singlet 
sat.   saturated 
SEM   2-(trimethylsilyl)ethoxymethyl 
t   triplet 
t-   tertiary- 
TBAI   tetrabutylammonium iodide 
TBS   tertiary-butyldimethylsilyl 
TEBA   triethyl(benzyl)ammonium chloride 
TEG   triethylene glycol 
temp.   temperature 
TEMPO   2,2,6,6-tetramethylpiperidine N-oxyl 
TES   triethylsilyl 
Tf   trifluoromethanesulfonyl 
TFA   trifluoroacetyl 
THF   tetrahydrofuran 
TLC   thin layer chromatography 
TMDP   4,4’-trimethylenedipiperidine 
TMS   tetramethylsilane 
TPAP   tetrapropylammonium perruthenate 
Ts, p-Ts   para-toluenesulfonyl 
UHP   urea hydrogen peroxide 
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て 2010年に上市された抗がん剤のエリブリンメシル酸塩 (1) は，19個の不斉中
心を含む複雑な構造を有する化合物であるが，60 工程を超える化学合成によっ
て合成され，市場に供給されている．1 これは，現代の有機合成技術の力量を示















eribulin mesylate (1)  








おけるジオール 2 からケトアルデヒド 3 への変換反応として活用され，アルコ
ールの酸化反応が複雑な有機化合物の実用的合成において有用であることが示
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Figure 0-2. TEMPOの構造 
 




	 この TEMPO 酸化の立体選択性は，その反応機構から説明されている (Figure 





選択性と問題点は，TEMPO (4) の有する 4つのメチル基が発現する活性中心周
辺の立体要求性に起因している．一方で，一般的にニトロキシルラジカルがそ
の α 位に水素を有する場合，ヒドロキシルアミンとニトロンへ速やかに不均化
することが知られており，TEMPO (4) の 4つのメチル基はニトロキシルラジカ







































Scheme 0-2. ニトロキシルラジカルの不均化 
 
	 当研究室の澁谷，富澤らは，TEMPO (4) より高活性であり，さらに立体障害
の大きい 2 級アルコールの酸化を可能とする触媒として，アザアダマンタン型
ニトロキシルラジカルである 2-azaadamantane N-oxyl (AZADO, 8) 及びその関連
化合物（以下，AZADOs と称する）を開発した．11 著者の研究開始時点におい
て，AZADO (8)，1-methyl-AZADO (1-Me-AZADO, 9)，9-azabicyclo[3.3.1]nonane 




アンモニウム種が TEMPO (4) より広い反応場を有する．そのため，AZADOsは
TEMPO (4) より速い反応速度を発揮すると共に，TEMPO (4) では酸化困難な立





























Figure 0-4. AZADOsのデザイン 
 
	 具体的には，3-フェニルプロパノール (11) を基質とする触媒効率の検討にお
いて，1-Me-AZADO (9)，AZADO (8)，ABNO (10) は，TEMPO (4) の 10倍以上
の触媒回転数を示した (Table 0-1)．また，これら 3種の触媒は，1 mol%の触媒
量にて TEMPO (4) では酸化困難なメントールを酸化し，高収率で対応するケト
ンを与えることが示されている (Table 0-2)． 
 
Table 0-1. ニトロキシルラジカルの触媒活性の比較検討 (1)  
Ph OH Ph O
nitroxyl radical
NaOCl (1.3 eq.), KBr (10 mol%)
n-Bu4NBr (5 mol%)









0.003a No data 81
0.001b No data 59















Table 0-2. ニトロキシルラジカルの触媒活性の比較検討 (2)  
nitroxyl radical (1 mol%)
NaOCl (1.5 eq.), KBr (10 mol%)
n-Bu4NBr (5 mol%)













	 AZADOsの中でも 1-Me-AZADO (9) は，グラムスケールでの合成法が初期に
確立され，その基質適用性が明らかとなった．11a すなわち，1-Me-AZADO (9) は，
1 mol%の触媒量にて TEMPO (4) では酸化困難な糖由来のアルコール 20を含む
種々の立体障害の大きいアルコールを酸化し，高収率で対応するケトンを与え
た (Table 0-3)． 
 






catalyst (1 mol%), NaOCl (1.5 eq.)
KBr (10 mol%), n-Bu4NBr (5 mol%)












0% 13% 15% 8%
94% 95% 93% 99%
TEMPO
1-Me-AZADO
entry 1 2 3 4 5




















ABNO (10) と AZADO (8) の第一世代合成では，百ミリグラムスケール程度での
合成が限界であり，これらの触媒の詳細な基質適用性についても確認されてい
なかった（合成法の詳細は後述する）． 






(10) と AZADO (8) の調製法と短工程合成に向けた合成戦略，及び著者の検討結
果の概略について示す． 
 
＜ABNO (10) の大量合成法の開発＞ 
	 著者の研究開始当時，ABNO (10) は cis-1,5-シクロオクタンジオール (21) か
ら 4工程で合成されていた (Scheme 0-3)．11a すなわち，Hamadaらの報告 12 に
倣い cis-1,5-シクロオクタンジオール (21) をジトシル化した後，TsNH2との SN2
 8 
反応によってアザビシクロノナン 23が得られた．その後，Ts保護基の除去と生



























Scheme 0-3. ABNOの著者の研究開始当時の合成法 
 
	 著者は，ABNO (10) を従来法と同様にアザビシクロノナン 24の酸化によって
合成することとし，24の効率的な合成を目指した．9-アザビシクロ[3.3.1]ノナン
の合成法について文献調査を行ったところ，先の合成の際に採用された Hamada





ミン部の酸化により ABNO (10) を 3工程で合成する計画である (Scheme 0-5)．
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23
NTs
Barluenga, J. et al. (1981)
Cope, A. C. et al. (1951)




















1. Red. of ketone
2. Ox. of amine
 


























Scheme 0-6. ABNOの大量合成法 
 
＜AZADO (8) の大量合成法の開発＞ 
	 著者の研究開始時点において，AZADO (8) は 1,3-アダマンタンジオール (36) 
から 10工程，総収率 19%で合成されていた (Scheme 0-7)．11 すなわち，1,3-ア







保護と水酸基の除去が行われ 2-アザアダマンタン (42) へと変換された後に，最











    TsOH (cat.)
    toluene, reflux, 94%
2. HONH2·HCl






1. Pd-C, H2, MeOH
2. SOCl2, reflux























Scheme 0-7. AZADOの著者の研究開始当時の合成法 
 
	 著者は，AZADO (8) を従来法と同様に 2-アザアダマンタン (42) の酸化によ
って合成する基本戦略の下，2-アザアダマンタン (42) の簡便合成法の開発を中
心的課題として設定した．Scheme 0-8 に著者の研究開始時点において報告され
ていた 2-アザアダマンタンの構築法を示した．14 これらは，(i) 1-ヒドロキシ-2-






(i) Synthesis of 1-Substituted 2-Azaadamantane
(ii) Synthesis of 4-Substituted 2-Azaadamantane
















Henkel, J. G. et al. (1982)
Sasaki, T. et al. (1983)
N3 NHMsOH; 
NaOH aq.
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HO
45 46
Lessard, J. et al. (1978)
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Scheme 0-8. 2-アザアダマンタンの合成法 
 











H NHCbz NCbz2 N HCl
MeOH, 40 °C
100%
cf. Synthesis of 1-Me-AZADO
55 5653 54
 
Scheme 0-9. ヒドロアミノ化による 2-アザアダマンタンの合成 
 
	 鍵中間体 53 のビシクロアミン構造については，Staas らによって 2-アダマン
タノン (57) からビシクロカルボン酸 58に変換後，多段階を要する Curtius転位
反応によって構築できることが報告されている (Scheme 0-10)．14i よって，鍵中
間体 53は，ビシクロカルボン酸 58に対して塩入試薬 (diphenylphosphoryl azide: 
DPPA)15 を用いる one-pot Curtius 転位反応の条件を適用することで調製可能で
あると考えられ，これらの工程が理想的に進行すれば，AZADO (8) は 2-アダマ
ンタノン (57) から 5工程で合成できることになる (Scheme 0-11)．原料の 2-ア
ダマンタノン (57) は，例えば Aldrichでは 44600円/100 gと高価な化合物とさ
れ，大量合成における出発物質としては不適切と考えられていた．しかし，最
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Scheme 0-11. AZADOの大量合成の計画 
 
	 検討の結果，ビシクロカルバメート 53 のヒドロアミノ化は，TfOH を 4 当量
作用させることで Cbz基の脱保護を伴って進行することを見出し，4工程，総収
率 22%での AZADO合成を達成した (Scheme 0-12)．著者の研究成果を基に日産
化学工業において AZADO (8) の工業合成が行われ，7.5 kgの AZADOが合成さ
れた．その後 AZADO (8) は 1-Me-AZADO (9) と共に市販され，天然物や医薬品
候補化合物の合成において用いられる例が報告されるようになった． 















DPPA (1.01 eq.), Et3N
toluene (1 M); 
BnOH (8 eq.)





Scheme 0-12. AZADOの大量合成法 
 



































Figure 0-5. ニトロキシルラジカル型触媒の立体的効果 
 
 




遠隔の 5位または 6位に，C–ヘテロ原子結合ではなく C–C結合を介して行われ
るのが理想的であると考察した (Scheme 0-13)． 
 







Scheme 0-13. AZADO誘導体の設計 
 
	 続いて，AZADO誘導体の合成法について考察を行った．AZADOの母核であ
る 2-アザアダマンタンの誘導体については，その骨格構築反応の都合から 1 位
と 4位に官能基を有する例が多く (Scheme 0-8)，5位，6位に関しては前例が殆
ど存在しない．これまで報告されている 5 位，または 6 位が官能基化されたア
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71 (R = Me, 53%)










69 (R = Me)
70 (R = H)























護体 76の C–Hハロゲン化によって 5-ハロアザアダマンタン 77へと変換し，こ









(PG = protective group) (X = Cl, Br, I)
78










フルオロアセチル-2-アザアダマンタン (70) の C–H アミノ化を試みたところ，
目的のスルホンアミド 79 は全く得られず，クロロアザアダマンタン 81 が得ら
れてきた (Scheme 0-16)． 
 
Rh=Np-Ns











な収率でブロモアザアダマンタン 82 を得ることに成功した (Scheme 0-17)．続
いて，このものをアリール基，アルキル基を導入した AZADO 83, 84へと変換し，
















Scheme 0-17. アザアダマンタンの C–H臭素化と AZADO誘導体への変換 
 
	 本方法論の有用性を実証するべく，5-aryl-AZADO 83の中間体であるフェノー
ル 85 を用いて，固相担持 AZADO の効率的合成を行った．フェノール 85 を
Merrifield resin (86) へと担持し，TFA保護基の脱保護と生じたアミンの酸化を行






    K2CO3, TBAI
    DMF
2. NaOH aq., EtOH
    THF, reflux
3. UHP, Na2WO4







Scheme 0-18. 固相担持 AZADOの合成 
 




























(i) Overman, L. E. et al. J. Am. Chem. Soc. 2007, 129, 11987.
(iii) Ma, D. et al. Angew. Chem. Int. Ed. 2012, 51, 10141.




















































–78 °C to rt
75%
 




溶媒中，5-F-AZADO (60) と NaNO2を触媒として用いることで，常温，常圧空
気という極めて温和な条件下にアルコールの酸化反応が進行することを見出し
た (Scheme 0-20)．18b （注：先に 5-F-AZADO (60) は AZADO (8) と比較して反







































































年に Stahl らによって，実用性に富む条件が遂に報告された．21b すなわち，銅
触媒として CuOTf を用いることで，常温，空気開放系という条件下に様々な脂





	 ここまでの報告では使用されるニトロキシルラジカルは TEMPO に限られて
いたが，本博士論文の執筆中に，Stahl らによってニトロキシルラジカル触媒と
して ABNO (10) を用いることで，2級アルコールの酸化が可能であることが示
された．22 本報告では，アミノアルコールとして N-メチル-4-ピペリジノール 





Table 0-4. TEMPO-銅触媒系を用いるアルコール空気酸化反応の代表例 
year author conditions
1984 Semmelhack, M. F. et al. TEMPO (10), CuCl (10)
DMF, O2 (bubbling), 25 °C




TEMPO (10), CuBr·SMe2 (2), 88 (2)
C8F17Br/PhCl, O2 (passing), 90 °C
2003 Sheldon, R. A. et al. TEMPO (5), CuBr2 (5), bpy (5), t-BuOK (5)
MeCN-H2O, air, 25  °C
TMDP
N N
2006 Ragauskas, A. J. et al. AcNH-TEMPO (6), Cu(ClO4)2 (4), TMDP (4), DABCO (10)
DMSO, O2 (1 atm), rt
2007 Sekar, G. et al. TEMPO (5), CuCl (5), DABCO (5)
MeNO2, O2 (balloon), rt
2009 Koskinen, A. M. P. et al. TEMPO (3), Cu(OTf)2 (3), bpy (3), NMI (3), DBU (3)
MeCN, O2 (balloon), rt, 3AMS
2011 Stahl, S. S. et al. TEMPO (5), CuOTf (5), bpy (5), NMI (10)
MeCN, air (open), rt
 
 
R OH R O
TEMPO (5 mol%), CuOTf (5 mol%)
bpy (5 mol%), NMI (10 mol%)
 Air (open), MeCN, rt
O OH














> 98% (6 h) > 98% (3 h) 92% (5 h, O2 balloon)




> 98% (3 h)
 



















































Figure 0-7. TEMPO-銅協奏型触媒に基づくアルコール酸化の反応機構 
 










and amine = unsuccessful
selective generation of 






















Figure 0-8. 作業仮説：オキソアンモニウムとニトロキシルラジカル-銅の比較 
 














bpy (5 mol%), NMI (10 mol%)
MeCN, O2 (balloon), rt
catalyst = TEMPO (25% conv./24 h)
AZADO (100% conv./45 min)
(Notes) bpy = 2,2'-bipyridyl; NMI = N-methylimidazole;  
   Conversions were determined by 1H-NMR analysis.
89 90
 
Scheme 0-22. N-メチル-4-ピペリジノールの酸化反応 
 
	 条件の最適化の結果，[AZADO (1–5 mol%), CuCl (3–5 mol%), 2,2’-bipyridyl (3–5 
 28 
mol%), DMAP (6–10 mol%), MeCN, air (open), rt] という条件が最適であった 






AZADO (1 mol%), CuCl (3 mol%)
bpy (3 mol%), DMAP (6 mol%)
































	 始めに，ABNO (10) の大量合成について検討を行った．最初の工程であるア
ンモニアを窒素源とする 1,3-アセトンジカルボン酸，グルタルアルデヒドとの





として 2工程，57%と算出され，第 1級アミンを用いる Copeらの報告と比較し









33 (50% aq.: 






CH2Cl2, 0 °C NAc
O
91
57%, 2 steps  




れなかったが，Huang-Minlon によって報告された Wolff-Kishner 還元条件 23 を
用いることで高収率にて進行することを見出した (Scheme 1-2)．ここで，基質で























  activated Zn, HCl (aq.): 0%
  PtO2, H2 (balloon), HCl (aq.): 0%  
Scheme 1-2. ケトンのメチレンへの還元 
 
	 最後にアミン 24 と水の共沸混合物から CHCl3を用いてアミン 24 を抽出し，
このものを urea·H2O2を用いる酸化条件に付すことでアセトンジカルボン酸から














from acetonedicarboxylic acid  





	 AZADO (8) の大量合成についても，総論に示した合成計画に基づき検討を行








CO2HNaN3 (1.1 eq.), MsOH (1.6 M), rt; 




(35 g)  
Scheme 1-4. カルボン酸 58の調製 
 
	 次に，カルボン酸 58 から Cbz 体 53 への塩入試薬 (diphenylphosphoryl azide: 
DPPA) を用いた Curtius転位反応を検討した (Table 1-1)．本工程は，アダマンタ
ン骨格からアザアダマンタン骨格への変換の鍵となる一炭素減炭と窒素原子の
導入を一挙に行える反応であることから，AZADOの短工程合成において重要で
ある．カルボン酸 58 のトルエン溶液に，2 当量の DPPA，2.2 当量の Et3N を加
え，室温下撹拌し，TLC により原料の消失を確認した後，ベンジルアルコール
を加えて加熱還流させたところ，目的の Cbz体 53は全く得られず，N-アシルア
ジド 93が収率良く得られた (entry 1)．これは，過剰に含まれる DPPA由来のア
ジドイオンによるものであり，DPPA約 1当量で反応を進行させることが重要と
考えた．トルエン溶液の濃度が 0.13 Mのときに DPPA約 1当量では原料が消失
しなかったことから，濃度を 1 Mへと上げたところ，DPPA 1.01当量にて原料
 33 
が消失し，高収率で目的の Cbz体 53を得ることに成功した (entry 2)． 
 
Table 1-1. Curtius転位反応 
CO2H NHCbz HN N3
O
DPPA, Et3N, toluene, rt; 
BnOH, reflux
entry DPPA Et3N toluene BnOH 53 93
yield (%)
1 2 eq. 2.2 eq.  0.13 M 2.4 eq. 0 79





反応は，1-Me-AZADO (9) 合成の基質 55では 2 N塩酸 1.7当量，40 °Cという条
件で定量的に進行するが，11a 本合成の基質 53 ではアルケン部の電子供与性が






NCbz2 N HCl (1.7 eq.)
MeOH, 40 °C
1.5 h, 100%
(i) Synthesis of 1-Me-AZADO
(ii) Synthesis of AZADO
55 56
53 54  
Scheme 1-5. 分子内ヒドロアミノ化によるアザアダマンタン構築 
 
	 先に，当研究室の服部は，PS-1-Me-AZADO-1st (68) の合成において，その中
 34 
間体である Ns 体 94 に対し塩酸を作用させても望む閉環反応は進行しないが，
より強酸である TfOH 1.2当量を作用させると速やかに反応が進行し，高収率で












(HCl (aq.), MeOH: N.R.)  





を得ることに成功した (Scheme 1-7)．最後に，2-アザアダマンタン (42) を酸化
することで，AZADO (8) の合成を達成した．本化合物は常磁性物質であること
から NMRによる構造の決定は不可能であったが，質量分析，元素分析により生
成を確認した．得られた AZADO (8) の昇華精製を試みたところ，1400 Pa，70 °C





NHCbz NH UHP, Na2WO4
MeOH, rt
TfOH (4 eq.)









Scheme 1-7. ヒドロアミノ化によるアザアダマンタン骨格構築と AZADO合成 
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 以上の検討により，2-アダマンタノン (57) から 4 工程，総収率 22%での







その Ts体 101，TFA体 100，Ac体 51，メチルカルバメート 97 をそれぞれ調製
し，調製したアミン誘導体を先に見出した分子内ヒドロアミノ化反応の条件に
付した (Table 1-2)．この際，TfOHの量を 1当量，2当量，4当量，8当量と，反
応が進行するまで徐々に増加させた．Ac 体 51，メチルカルバメート 97 につい
ては Cbz体 53同様 TfOH 4当量で環化が進行する (entries 2, 3) のに対し，TFA
体 100，Ts体 101においては TfOH 1当量で環化が進行した (entries 4, 5)．なお，
これらのアミン保護体では Cbz体 53 と異なり，TfOHを用いたヒドロアミノ化
条件では脱保護が進行しなかった．また，保護基を持たないアミン 59では TfOH
を 8 当量加えても反応は全く進行しなかった (entry 6)．以上の検討より，無保
護のアミンでは反応は進行しないものの，Ts体 101，TFA体 100，Ac体 51，メ
チルカルバメート 97のいずれの保護体においても反応は進行することを確認し




Table 1-2. 分子内ヒドロアミノ化におけるアミン保護基の効果 
NHR1 NR2TfOH
CH2Cl2, 0 °C
























a Conditions: 1. Cu(OTf)2 (0.5 eq.), o-dichlorobenzene, reflux; 
2. CbzCl, Et3N, CH2Cl2, 0 °C.
7a H (59) - Cbz (54) 17
 
 
	 無保護のビシクロアミン 59 のヒドロアミノ化による閉環反応は，TfOH を用
いた条件では閉環反応は進行しなかったが，本反応により 2-アザアダマンタン 














の後，続々と適用例が報告されている)．24 特に興味深いことに，K. C. Nicolaou
らは，混み合った基質において，1-Me-AZADO が 1 級アルコール選択的酸化反
応に有効であることを示した (iv)． 
 




















































































	 著者の研究開始以前，ABNO (10) や AZADO (8) は量的供給が困難であったこ
とから，その基質適用性は十分には検討されていなかった．今回 ABNO (10) と
AZADO (8) の量的供給を可能とする合成法を確立できたので，本合成法によっ
て調製した触媒を用い，基質適用性について検討を行った (Table 1-3)．  
 











































































NaOCl (1.3 eq.), KBr (10 mol%)
n-Bu4NBr (5 mol%)




	 その結果，ABNO (10) と AZADO (8) は，次亜塩素酸ナトリウム及び PhI(OAc)2
をバルク酸化剤とする条件下に，期待通り 1-Me-AZADO (9) と同等の基質適用
性を有することを確認した． 
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第二章	 C–H官能基化を鍵とする AZADO誘導体の効率的合成法の開発 
 
第一節	 C–H官能基化を鍵とする AZADO誘導体の効率的合成法の開発 
 






















+ recovered 70 (17%)













Müller, P. et al. (1997)
 
Scheme 2-1. 予期せぬアザアダマンタン保護体の C–H塩素化 
 
	 ここで著者は，得られたクロロアザアダマンタン 81 の C–Cl 結合は，種々の
変換反応によって容易に C–C結合へと変換可能であると考え，本生成物を鍵中











Scheme 2-2. 塩素原子を足場とする AZADO誘導体の合成計画 
 
	 そこで，Rh2(OAc)4 と PhI=Np-Ns を用いたハロゲン化反応の最適化を行った 
(Table 2-1)．本検討では反応の促進を期待し，10 mol%の Rh2(OAc)4を使用した．
始めに，塩素化剤である溶媒について種々検討を行ったところ，CCl4 (0.5 M) を
用いることで反応が効率的に進行し，64%の良好な収率でクロロアザアダマンタ
ン 81が得られることを見出した (entry 2)．本反応においてモレキュラーシーブ
スの効果は観察されず，希釈条件 (0.05 M) では反応が進行しなかった．続いて，
添加剤の検討を行ったところ，NCS (1.5 eq.) を添加した場合に反応の加速が観
察された (entry 3)．本反応は，溶媒として CH2Br2，添加剤として NBSを用いる
ことで臭素化にも応用が可能であり，67%の収率でブロモアザアダマンタン 82
を得ることに成功した (entry 4)．なお，添加剤には CBr4を用いることも可能で







Table 2-1. Rh触媒を用いるアザアダマンタンの C–Hハロゲン化 
entry additive solvent time
3 NCS (1.5 eq.) 6 h 61 - 11
















4 NBS (10 eq.) 3 h 67 6 10
X
5 Galvinoxyl (10 mol%) 24 h 0 0 (N.R.)-
2 12 h 64 12 2none
















	 そこで，ラジカル開始剤である AIBN を用いてラジカル的ハロゲン化反応を
検討した．Rh2(OAc)2と PhI=Np-Nsを用いた場合に収率がよく，かつ反応速度の
速かった NBSを用いた臭素化条件にて検討を行った (Table 2-2)．この際，粗生
成物の 1H-NMR 解析により変換率を算出することで反応の評価を行った．基質
を 100 mgとし，105 °Cに加熱する条件にて検討を行ったところ，期待通り反応
が進行したが，変換率は 54%と中程度であった (entry 1)．ここで，反応の詳細
な解析を行ったところ，反応開始から 1 時間後に反応が停止していることが観
察された．そこで，反応温度を 70 °Cへと低下させたところ，反応はゆっくりと





離収率 70%でブロモアザアダマンタン 82 が得られることを見出した (entry 3)．
なお，臭素の当量を 3 当量まで増加させたところ，変換率が低下 (87%) した．
 43 
最も良い変換率を示した entry 3の条件にて 9.4 gの基質を用いて検討を行ったと
ころ，反応性は低下するものの，60%の収率にて臭素化体 82 を得ることに成功
した．なお，本反応に NBSの添加は必須であり (entry 4)，アザアダマンタン保
護体 70の反応性は，アダマンタンとは全く異なることが示された：アダマンタ
ンは，臭素のみを用いる条件においても臭素化反応が進行する (Scheme 2-3)．26  
 





CH2Br2 (0.5 M) NTFA
82
Br
entry additive conv. (%)atemp. (°C)
1 none 105 54
time (h)
3
2 none 70 12 67





4e Br2 (5 eq.) 105 1 0 –
a Determined by 1H-NMR (82/70+82). b Isolated yield. c Not determined. 
d 9.4 g of 8 was used. e NBS was not used.  
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Scheme 2-3. アダマンタンの臭素化 
 
	 また，AIBNを用いたラジカル的ハロゲン化反応は，塩素化にも適用が可能で











Cl + recover (< 26%)
 








	 ヒドロキシフェニル基は，臭素化体 82をフェノール溶媒中 100 °C加熱条件下
に FeCl3を作用させる Friedel-Crafts 型の反応 27 により導入に成功し，5-(p-ヒド
ロキシフェニル)-2-アザアダマンタン 85を 78%の収率で o-異性体 111 (13%) と
共に得た (Scheme 2-5)．本反応において反応温度を低下 (50 °C) させると，o-
異性体 111 が優先して得られた．両異性体をカラムクロマトグラフィーにより
分離し，ベンジル化を行うことでエーテル 112を 95%の収率で得た．Pensoらの
条件による TFA 保護基の脱保護，28 続く生じたアミンの urea·H2O2を用いる酸
















1. 20% KOH aq. 
    TEBA* (cat.)
    THF, 90 °C
2. urea·H2O2
    Na2WO4 (cat.)
    MeCN, rt
    33%, 2 steps










Scheme 2-5. アリール基の導入と 5-BP-AZADOの合成 
 
	 一方で，C3 アルキル鎖は，臭素化体 82 に対してアクリル酸メチル存在下に
AIBNと Bu3SnHを用いる還元的ラジカル反応条件を適用することで導入に成功
し，71%の収率でメチルエステル 114を得た (Scheme 2-6)．続いて，メチルエス
テル 114 に対し LiAlH4を作用させることで，エステルのアルコールへの還元と
続く TFA保護基の還元的除去を一挙に行いアミノアルコールへと変換した．こ
のもののアミン部の酸化を行うことで， 5-(3-hydroxypropyl)-AZADO 
[5-HP-AZADO (115)] を合成した．最後に酢酸との縮合条件により 5-HP-AZADO 




1. LiAlH4, THF, 0 °C
2. urea·H2O2, Na2WO4 (cat.)


























Scheme 2-6. アルキル基の導入と 5-AP-AZADOの合成 
 
	 合成した 5-BP-AZADO (83) 及び 5-AP-AZADO (84) のアルコール酸化触媒活
性について，AZADO (8) との比較検討を行った．1 mol%の触媒存在下，バルク
酸化剤として次亜塩素酸ナトリウムを用いる条件において，種々の 2 級アルコ
ールの酸化について検討を行った (Table 2-3)．その結果，5-BP-AZADO (83) 及









































NaOCl (1.5 eq.), KBr (10 mol%)
CH2Cl2-aq. NaHCO3 (0.2 M, 1:1)






































第二節	 固相担持 AZADOの効率的合成と活性評価 
 
	 前節で検討した AZADO 誘導体合成法の有用性を実証するため，固相担持
AZADOの効率的合成を行った．固相担持触媒は，反応混合物からの分離が容易
である，再利用が可能である等の利点を有する．16  
	 5-BP-AZADO (83) の合成法に倣い (cf. Scheme 2-5)，Merrifield resinに担持し
た AZADOの合成を目指した．フェノール 85をMerrifield resin (86) に導入する
反応は，フェノール 85をベンジル化する液相反応と比較すると反応速度がかな
り低下していることが判明したが，7日間振盪することで約 91%の収率で反応が
進行した (Scheme 2-7)．本反応の収率は回収されるフェノール 85の収率により
概算した．続いて，5-BP-AZADO (83) と同様に，THF溶媒中 KOH塩基性条件
下に TEBAを相間移動触媒として用いる Pensoらの条件を用いて TFA保護基の





化し，固相担持 AZADO [PS-AZADO] 87の合成を完了した．PS-AZADO 87はニ
トロキシルラジカルに特有な赤色に呈色していることを確認した．以上の検討
により，N-トリフルオロアセチル-2-アザアダマンタン (70) から，5 工程で






















DMF (0.1 M), rt, 7 d
(ca. 91%)a
5 M NaOH (15 eq.)
EtOH (30 eq.)
THF (0.1 M)




MeCN (0.1 M), rt
85 (1.5 eq.)




Scheme 2-7. 固相担持 AZADOの効率的合成 
 
	 PS-AZADO 87に導入された触媒量は元素分析により算出した．すなわち，元
素分析の結果，窒素の含有量は 0.921 mmol/g，フッ素の含有量は 1.669 mmol/g
と同定された (Figure 2-1)．窒素はアザアダマンタン由来，フッ素は TFA保護基
由来と考えられることから，PS-AZADO 87の末端は，N-トリフルオロアセチル








    N = 0.921 mmol/g




X = O·, OH, or others
0.365 mmol/g
(ca. 0.01 mmol/30 mg)
 
Figure 2-1. 固相担持 AZADOにおける触媒導入量の計算 
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 合成した PS-AZADO 87の触媒活性と機能性について検討を行った．始めに，
PS-AZADO 87の触媒回転数について，TEMPO (4)，市販の固相担持TEMPO 121，
AZADO (8) との比較検討を行った．基質を 4-フェニル-2-ブタノール (119) とし，
バルク酸化剤として次亜塩素酸ナトリウムを用いる条件を用いて，触媒量を 10 
µmol (固相担持触媒については概算) と固定し，基質の量を段階的に増加させた 
(Table 2-4)．その結果，PS-AZADO 87は AZADO (8) には劣るものの，TEMPO (4) 




























37% No data 98% 97%
No data No data 96% 66%
OH
catalyst, NaOCl (1.5 eq.)
KBr (10 mol%), n-Bu4NBr (5 mol%)









a TEMPO, AZADO: 10 µmol, PS-TEMPO (<2.5 mmol/g): <13 µmol, PS-AZADO 
(<0.365 mmol/g): <11µmol. b n-Bu4NBr was not used.
 
 
	 次に，基質をシンナミルアルコール  (122) とし，バルク酸化剤として
 51 
PhI(OAc)2を用いる条件を用いて，同様の比較検討を行った (Table 2-5)．その結
果，本条件においても触媒活性の順位は変わらず，PS-AZADO 87 は基質量 0.5 
mmol (触媒量 2 mol%) の条件において 91%の収率でアルデヒド 123を与えた． 
 


















94%/15 min 91%/40 min




CH2Cl2 (1 M), rt
Ph OPh
122 123
a TEMPO, AZADO: 10 µmol, PS-TEMPO (<2.5 mmol/g): <13 µmol, PS-AZADO 
(<0.365 mmol/g): <11µmol. b 7.8 mg (50 µmol) of TEMPO was used. c 25 mg (<63 µmol) 




検討を行った  (Table 2-6)．バルク酸化剤として次亜塩素酸ナトリウムと
PhI(OAc)2を用いて検討した結果，PS-AZADO 87は一部反応時間の延長 (entry 5)，














































































83/0.75 h 83/0.75 h
95/2.5 he 93/4 hf
84/0.5 he 84/0.5 hf
method A: AZADO (1 mol%) or PS-AZADO (30mg; < 1.1 mol%) 
                  NaOCl (1.5 eq.), KBr (10 mol%)
                  CH2Cl2-aq. NaHCO3 (0.2 M, 1:1), 0 °C, 20 min
method B: AZADO (1 mol%) or PS-AZADO (30mg; < 1.1 mol%)

















a Isolated yield.  b The reaction time was 1 h.  c 1.2 eq. of NaOCl was used.  d n-Bu4NBr (5 mol%) 
was added.  e Substrte (0.5 mmol), AZADO (5 mol%) and CH2Cl2 (0.2 M) were used.  f Substrate 










フェニル-2-ブタノール (119) を基質とし検討を行ったところ，PS-AZADO 87は
3回までのリサイクル使用には活性を保持するものの，4回目にはより低収率の
結果を与えた (Table 2-7)． 
 
Table 2-7. 固相担持 AZADOのリサイクル耐久性 (1) 
OH
PS-AZADO (ca. 2 mol%)
NaOCl (1.5 eq.)
KBr (10 mol%), n-Bu4NBr (5 mol%)
CH2Cl2-sat. NaHCO3 aq. (0.2 M, 1:1)
rt, 15 min







1 2 3 4 5




劣る結果であった (Table 2-8)．29  
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(Y = N or O)
N
H





























1-octanol 1.7 mol% > 80%
> 90%1 mol%1-nonanol
a Bolm, C. et al. Chem. Commun. 1999, 1795. b Baucherel, X. et al. Catalysis Today 2006, 117, 114.





いた．11a その結果，大部分は 1-Me-AZADO (9) またはそのヒドロキシルアミン
体 128 として回収されるが，アセトン付加体 129 が少量ながら得られることを






(50 mg, 0.06 mol%)
NaOCl (500 mL), KBr (6 g)
sat. NaHCO3 (500 mL), CH2Cl2 (500 mL)
0 °C, 30 min
O
N O N OH N O
O
9 (33 mg) 128 (4 mg) 129 (7 mg)










1299 130  







(15) を選択し検討を行った (Table 2-9)．この際，クエンチ剤として，アルコー
ルの β 位に水素が存在しない（すなわち，酸化成績体のケトンの α 位に水素が
存在しない）ヘキサフルオロイソプロパノールを用い，副反応を押さえる目的
で 4 °C（低温実験室）にて検討を行った．その結果，活性は徐々に低下するも






Table 2-9. 固相担持 AZADOのリサイクル耐久性 (2) 
cycle
GC yield (%)
1 2 3 4 5
93b 94 95 92 94
6 7 8 9
93 92 93 92
10
97




a No catalyst. b Isolated yield was 94%.
cycle
GC yield (%)
11 12 13 14 15
93 97 93 95 94
16 17 18 19
94 94 93 89
20
90
GC conv. (%) 100 100 100 99 99 99 99 98 97 95
PS-AZADO (ca. 2 mol%), NaOCl (1.5 eq.)
KBr (10 mol%), n-Bu4NBr (5 mol%)
CH2Cl2-sat. NaHCO3 aq. (0.2 M, 1:1)
4 °C, 20 min





	 以上述べたように著者は，先の検討で開発した AZADO 誘導体合成法の応用













	 始めに，基質を N-メチル-4-ピペリジノール (89) とし，銅触媒として CuOTf，
リガンドとして 2,2’-ビピリジル (bpy)，塩基添加剤として N-メチルイミダゾー
ル (NMI) を用いる Stahlらの反応条件を用いて，TEMPOと AZADOの触媒活性












bpy (5 mol%), NMI (10 mol%)
MeCN, O2 (balloon), rt
catalyst = TEMPO (25% conv./24 h)
AZADO (100% conv./45 min)
(Notes) bpy = 2,2'-bipyridyl; NMI = N-methylimidazole;  
   Conversions were determined by 1H-NMR analysis.
89 90
 











でこの 2点について検討を行った．Cu (I) のカウンターアニオンの検討を行った
ところ，TfO– よりも共役酸の酸性度の低い Cl–，Br–，I– が高い活性を示し，3–5
時間という短い時間で原料が消失した (entries 2–4)．Cu(II) を用いる条件は，
Cu(I) と比較して反応性に劣ることが明らかとなった (entry 5)．以降の検討では，
試薬の物性を考慮し，CuClを最適の銅触媒として検討を進めた． 
 
Table 3-1. 銅触媒の最適化 
N
Me
OH AZADO (1 mol%), "Cu"
bpy (3 mol%), NMI (6 mol%)





entry "Cu" (mol%) conv. (%)a / time
(CuOTf)2·benzene (1.5)
CuCl (3)
CuBr (3) 100 / 3 h
100 / 5 h
100 / 4 h




CuBr2 (3) 56 / 12 h5









功し，2時間で原料が消失した (Table 3-2)． 
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Table 3-2. 塩基添加剤の最適化 
AZADO (1 mol%), CuCl (3 mol%)
bpy (3 mol%), additive (6 mol%)




additive conv. (%)a / time
100 / 4 h
10 none 60 / 6 h
imidazole2 0 / 1 h
3 DMAP 100 / 2 h
pyridine6 74 / 6 h
7 59 / 6 h
8 22 / 6 h
DABCO 76 / 6 h99-azajulolidine4 100 / 3 h
2-DMAP 54 / 6 h5
entry additive conv. (%)a / time

















	 続いて，ニトロキシルラジカル触媒について更なる検討を行った (Table 3-3)．
始めに，現在日産化学工業から市販されており AZADO より安定性において優
位性が示されているヒドロキシルアミン AZADOLが，AZADOと同等の活性を
示すことを確認した (entry 2)．次に，AZADO-NOx触媒系において AZADOより
優位性が示されている 5-F-AZADO，18b nor-AZADO 30 を用いて検討を行った．
その結果，5-F-AZADOでは 3時間の反応後でも反応が完結せず，nor-AZADOで
は AZADOと同様に 2時間で反応が完結した (entries 3, 4)．よりニトロキシルラ
ジカル部周辺が嵩高い 1-Me-AZADO，ビシクロ型ニトロキシルラジカル ABNO
を用いた場合には，反応速度が低下した (entries 5, 6)．最近，Kanaiらによって，
keto-ABNO と銅を触媒として用いるアミンからイミンへの酸化が報告された．
31 Keto-ABNOは，ジベンジルアミン 131の酸化において AZADOよりも高い活
性を示すことが報告されている (Scheme 3-2)．そこで，keto-ABNO を今回の系
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に適用したが，AZADOと比較してかなり反応速度が遅いことが分かった (entry 
7)．なお， TEMPOを用いた場合においては，反応は全く進行しなかった (entry 
8)． 
 









nitroxyl radical (1 mol%), CuCl (3 mol%)
bpy (3 mol%), DMAP (6 mol%)
MeCN (0.2 M), Air (open), rt
entry nitroxyl radical
N O N O
N O
1 100 / 2 h
2 100 / 2 h
5
50 / 6 h
4
3 98 / 3 h












conv. (%)a / time conv. (%)a / time
100 / 2 h
a Determined by GC.
N O



















THF (0.2 M), MS13X
O2 (1 atm), rt, 18 h













アミノ基を有する 2級アルコールの酸化条件として，[AZADO (1 mol%), CuCl (3 
mol%), bpy (3 mol%), DMAP (6 mol%), MeCN, air (open), rt] を最適条件として決
定した (Scheme 3-3)． 
 
AZADO (1 mol%), CuCl (3 mol%)
bpy (3 mol%), DMAP (6 mol%)










Scheme 3-3. アミノ基を有する 2級アルコールの酸化の最適条件 
 
	 続いて，アミノ基を有する 1 級アルコール酸化について条件の最適化を行っ
た．一般的に金属触媒を用いる酸化においては，1級アルコールの酸化がより困
難とされている．32  




えることを見出した (entries 1, 2)．ここで，Stahlらの条件に AZADOを適用する





Table 3-4. 6-(ジメチルアミノ)-ヘキサン-1-オールの酸化反応 
nitroxyl radical (3 mol%), "Cu"
bpy (3 mol%), additive (6 mol%)
MeCN (0.2 M), Air (open), rt
entry "Cu" (mol%) conv. (%)a / timenitroxyl radical additive note
Stahl's conditions
our conditions
1 TEMPO (CuOTf)2·benzene (1.5) NMI 10 / 1 h
2 AZADO CuCl (3) DMAP 42 / 1 h
(CuOTf)2·benzene (1.5) NMI 29 / 1 hAZADO --3










った (Table 3-5)．その結果，1-Me-AZADOが AZADOの活性を上回り，67%の
変換率でアルデヒドを与えるという興味深い知見が得られた (entry 2)．すなわ
ち，これまでの検討ではより立体障害の小さい AZADOが 1-Me-AZADOよりも
高い活性を示していたが (cf. Figure 0-5)，11a 本結果はその逆の傾向を示した．
Nor-AZADO， 5-F-AZADO，ABNO，TEMPO ついても検討を行ったが，
1-Me-AZADOより良好な結果は得られなかった (entries 4–7)． 
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Table 3-5. ニトロキシルラジカルの最適化 
N
OH
nitroxyl radical (3 mol%), CuCl (3 mol%)
bpy (3 mol%), DMAP (6 mol%)







1 42 / 1 h
2 67 / 2 h 5
7 / 0.5 h
4
3 66 / 2 h









conv. (%)a / time conv. (%)a / time
36 / 1 h




















Table 3-6. ニトロキシルラジカルの酸化還元電位と触媒活性の相関 






+ 186 + 236 + 294
5-F-AZADO
36





nitroxyl radical (3 mol%), CuCl (3 mol%)
bpy (3 mol%), DMAP (6 mol%)









として，[1-Me-AZADO (3 mol%), CuCl (3 mol%), bpy (3 mol%), DMAP (6 mol%), 
MeCN, air (open), rt] を最適条件として決定した (Scheme 3-4)．なお，本条件に




1-Me-AZADO (x mol%), CuCl (x mol%)
bpy (x mol%), DMAP (2x mol%)





x = 3:   67% conv./2 h
x = 10: 92% conv./1 h  








	 比較する条件として，クロム酸酸化の代表である PCC酸化，33 活性化 DMSO
酸化の代表である Swern酸化，34 超原子価ヨウ素酸化の代表である Dess-Martin
酸化，35 金属触媒を用いる酸化の代表である TPAP 酸化 36 を採用した (Table 
3-7)．始めに，アミノ基が Cbz基で保護されたピペリジノール 135ではいずれの
条件を用いた場合にも高収率で対応するケトンを与えることを確認した (entry 



















Table 3-7. AZADO-銅触媒系と一般的なアルコール酸化条件との比較検討 




















97% / 2 hb
(99% / 3.5 hb
50 mmol scale)
dec. / 1 h  < 1% / 12 h(72%)
14% / 2 h
(29%)
9.9% / 2 h
(3%)
92% / 2 hb
0% / 4 h
(< 29%)
68% / 4 h
(13%)
26% / 1 h
(< 5%) 32% / 1.2 h
96% / 3 hb
(AZADO 1 mol%)
16% / 1.5 h 32% / 3 h(29%)
20% / 3 h
(17%)
65% / 1 h
(9.6%)
substrate
97% / 1.5 h97% / 2 h 90% / 0.75 h92% / 2 h 95% / 0.75 h
PCC
(1.5 eq.)
a (COCl)2 2.0 eq., DMSO 4.0 eq., Et3N 6.0 eq. b isolated yield. 





























140，アリルアルコール基質 141は，1 mol%の AZADOを用いる条件下に速やか





本触媒系はエステルやピリミジンを許容し (entries 9, 10)，嵩高い 2級アルコー




なかった (entries 14, 15)．興味深いことに，5-(ベンジルアミノ)-ペンタン-1-オー
ル (138) を基質とした場合には，エナミンが二量化した 157 が単一の成績体と
して 80%の収率で得られた (entry 16)．これまでアミンとアルコールから酸化的
にアミドを得る手法は報告されていたが，エナミンへと変換される条件は著者
の知る限り存在しない (Scheme 3-5)．38 なお，AZADO-銅触媒系は幅広い基質適
用性を示すものの，β-アミノアルコール 158を用いた場合には反応が全く進行し














reflux, N2 flow, 4 h
77%138
Eisenstein, O., Crabtree, R. H. et al. (2010)
 
Scheme 3-5. アミノアルコールのアミドへの酸化反応 
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Table 3-8. 3級アミンまたは 2級ベンジルアミンを有するアルコールの酸化 
AZADO (x mol%), CuCl (y mol%)
bpy (y mol%), DMAP (2y mol%)













OH 142: R = allyl
143: R = Bn
144: R = PMB





























































92 / 2.5 h
90 / 3 h
97 / 2.5 h
97 / 2.5 h
99 / 3 h
87 / 4.8 h
94 / 2 h
94 / 9 h
96 / 1.7 h
5 5 77 / 4.5 h
3 3 88 / 2 h
5 5 80 / 2.5 h
5 5 74 / 1 h
3 3
15817 3 3 0 (N.R.)Et2N
OH
a 1-Me-AZADO was used instead of AZADO. b The aldehyde product was 













15515a 5 5 64 / 1.5 h(yield of 156)




	 脂肪族 2 級アミンを有する基質についても，単純な構造を有するノルトロピ
ン (159) だけでなく，ニトリル基を有する嵩高い 2 級アルコール 160 を用いた
場合にもアルコール選択的に酸化反応が進行し，良好な収率でアミノケトンを
与えることを確認した (Table 3-9, entries 1, 2)．また，AZADO-銅触媒条件は 1級
アミンを有する 2 級アルコール 161, 162, 163 にも適用が可能であった (entries 
3–5)．より酸化の難しい 2級アミンと 1級アルコールが共存する基質 164につい
ては，中程度の収率ではあるがアミノアルデヒドへと酸化されることを明らか
にした (entry 6)． 
 












AZADO (x mol%), CuCl (y mol%)
bpy (y mol%), DMAP (2y mol%)
MeCN (0.2 M), Air (open), rt; 
sat. NaHCO3 aq., 20% Na2S2O3 aq.; 

















6a 5 5 61 / 1.5 h
3 3 89 / 4 h
5 5 74 / 2.5 h
3 3 88 / 1 h
5 5 75 / 1 h
5 5 72 / 2 h

















	 始めに，myosmine (166) の合成の最終段階に本反応を適用した．1級アミンを
有するアルコール 165に対し，AZADO-銅触媒を用いる空気酸化条件を適用した









AZADO (10 mol%), CuCl (10 mol%)
bpy (10 mol%), DMAP (20 mol%)
MeCN (0.1 M), Air (open), rt
2 h, 60% N
N





Scheme 3-6. AZADO-銅触媒系の myosmine合成への適用 
 
	 次に，mesembrine (169) の合成の最終段階に本反応を適用した．Mesembranol 
(168) から mesembrine (169) への酸化反応は，最近 Evansらによって報告がなさ
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れた．本報告では，種々検討の結果 PDC を用いた場合が最も良く，48%の収率






AZADO (15 mol%), CuCl (15 mol%)
bpy (15 mol%), DMAP (30 mol%)
MeCN (0.02 M), Air (open), rt
7 h, 82%
"... despite numerous attempts and different condition, 















cf. PDC, 48% (Evans, P. et al. J. Org. Chem. 2013, 78, 3410)
 












	 当研究室で見出されたニトロキシルラジカル型アルコール酸化触媒 ABNO と
AZADOは，極めて高いアルコール酸化触媒活性を示すが，その入手性に改善の
余地を残し，有機合成化学において一般的に使用可能な触媒とは言い難い状況



























その後，本合成ルートに基づき，日産化学工業株式会社において AZADOは 7.5 








保護体の直接的 C–H 官能基化を介して C–C 結合を形成することで，効率的に
AZADO誘導体を得る方法論を立案した．検討の結果，ラジカル反応条件下にア
ザアダマンタン保護体 70 の臭素化が C5 位選択的に進行することを見出し，良
好な収率でブロモアザアダマンタン 82を得ることに成功した．さらに，この臭
素原子を足場とし，ヒドロキシフェニル基，ヒドロキシプロビル基の導入に成
功し，5-BP-AZADO (83)，5-AP-AZADO (84) を合成した．これら 2種の AZADO
誘導体が AZADO と同様に嵩高い 2 級アルコールを速やかに酸化することを確
認した．（第二章第一節） 
	 上述の AZADO誘導体合成方法論の有用性を実証するため，固相担持 AZADO 
(PS-AZADO) の効率的合成を行った．5-BP-AZADO (83) の合成中間体であるフ
ェノール 85をMerrifield resinに固定化し，TFA保護基の脱保護，生じたアミン

















率でアミノカルボニル化合物を与えた．さらに本条件を天然物 mesembrine (169) 










General Procedure  
  All reactions were stirred magnetically under argon atmosphere, unless otherwise 
noted. Dehydrated THF and CH2Cl2 were purchased from Kanto Chemical Co., Inc. 
The other anhydrous solvents were dried and distilled according to standard protocols. 
Reagents were obtained from commercial suppliers and used without further 
purification, unless otherwise noted.  
  Reactions were monitored by thin-layer chromatography (TLC) carried out on silica 
gel plates (Merck Silica Gel 60 F254), or by gas chromatography (GC) performed on an 
Agilent 7890A GC system with VF-WAXms column (0.32 mm x 30 m, 1.00 µm, 
Agilent Technologies). Column chromatography was performed on Silica gel 60N 
(Kanto Chemical Co., Inc., spherical, neutral, 63–210 µm) and flash column 
chromatography was performed on Silica gel 60N (Kanto Chemical Co., Inc., spherical, 
neutral, 40–50 µm), unless otherwise noted. Gel permeation chromatography (GPC) 
was performed on a JAI LC-908 equipped with JAIGEL-1H and JAIGEL-2H using 
CHCl3 as an eluent.  
  Melting points were measured with Yazawa Micro Melting Point BY-2 and are 
uncorrected. In parentheses after melting point, the recrystallization solvents are shown. 
Optical rotations were measured on a JASCO P-2200 Digital Polarimeter at room 
temperature, using the sodium D line. IR spectra were recorded on a JASCO FT/IR-410 
Fourier Transform Infrared Spectrometer. NMR spectra were recorded on JEOL 
JNM-AL-400 spectrometers. Chemical shifts for 1H-NMR spectra are reported in parts 
per million (ppm) downfield from TMS (0.00 ppm) as the internal standard and 
coupling constants are expressed in Hertz (Hz). Chemical shifts for 13C-NMR are 
reported in ppm, relative to the central line of a triplet at 77.0 ppm for 13CDCl3. Mass 
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spectra were recorded on JEOL JMS-DX303, JEOL JNM-AL500, JEOL JMS-700, or 
Thermo Scientific Exactive Mass Spectrometer. Elemental analyses were performed by 
Yanaco CHN CORDER MT-6 or Yanaco YHS-11. HPLC was performed by Gilson 



























9-Aza-bicyclo[3.3.1]nonane N-oxyl (ABNO, 10) 
  To a solution of acetonedicarboxylic acid 32 (7.88 g, 54.0 mmol) in H2O (260 mL), 
was slowly added 28% aqueous ammonia (16 mL) at 0 °C. Then glutaraldehyde (50% 
aqueous solution, 10.0 mL, 55.2 mmol) diluted with water (100 mL) was added over 2 h. 
After stirring for 30 h at ambient temperature, the solvent (H2O) was removed under 
freeze-drying condition. The resulting yellow solid 35 was used in the next reaction 
without further purification.  
  The mixture of 35 and H2NNH2·H2O (8.0 mL, 0.17 mol) was stirred at 80 °C for 2 h. 
To a solution of KOH (31 g, 0.54 mol) in triethyleneglycol (54 mL) in two-neck 
round-bottom flask setting up distillation apparatus, the mixture of 35 and 
H2NNH2·H2O was added dropwise. After the mixture was stirred at 220 °C for 30 min, 
H2O (100 mL) was added dropwise over 2 h at 220 °C. During the reaction, the product, 
amine 24, was distillated with H2O under azeotropic condition. The resulting aqueous 
solution was extracted with CHCl3 and dried over K2CO3. Evaporation of the solvent 
afforded 24 as a colorless oil, which was used in the next reaction without further 
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purification.  
  To a solution of the crude 24 in MeCN (100 mL) was added Na2WO4·2H2O (3.6 g, 
11 mmol) at ambient temperature and the mixture was stirred for 30 min. After cooling 
to 0 °C, urea·H2O2 (15.2 g, 162 mmol) was added and the reaction mixture was stirred 
at 0 °C for 1 h and at ambient temperature for 4 h. H2O was added to the reaction 
mixture and the aqueous solution was extracted with CHCl3. The organic layer was 
dried over K2CO3 and evaporated. The residue was purified by silica gel column 
chromatography (Et2O–Hexane = 1 : 2 to 1 :1) to yield ABNO (10) (3.2 g, 23 mmol, 
42%, 3 steps) as a red solid.  
An analytical sample was prepared by sublimation: phase change 50 ° and ca 85 °, mp 
116-120 °C (lit.41 phase change 53 ° and ca 70 °, mp 129-130 °C). IR (neat, cm-1): 1484, 
1453, 1352, 1292. EI-MS: m/z 140 (M+), 81 (100%); HRMS (EI) Calcd. for C8H14NO 
140.1075 (M+), found: 140.1052. Anal. Calcd. for C8H14NO: C 68.58; H, 10.06; N, 9.99, 
found: C, 68.39; H, 9.87; N, 9.83. 
 















DPPA (1.01 eq.), Et3N
toluene (1 M); 
BnOH (8 eq.)






endo-Bicyclo[3.3.1]non-6-ene-3-carboxylic acid (58) 
  To a solution of 2-adamantanone (57) (48.0 g, 320 mmol) and MsOH (202 mL) in 1 
L three-neck flask with a reflux condenser was portionwise added NaN3 (22.9 g, 353 
 79 
mmol), keeping the temperature under 35 °C. After the mixture was stirred for 2 h, H2O 
(100 mL) and 50% KOH (450 mL) was slowly added without external cooling. After 
cooling to room temperature, the mixture was washed with Et2O (600 mL) and conc. 
HCl (120 mL) was added. The precipitated acid was collected by filtration, washed with 
H2O and dried in vacuo. Carboxylic acid 58 (36.3 g, 218 mmol, 68%) was obtained as a 
colorless solid. 
IR (neat, cm-1): 1680. 1H-NMR (400 MHz, CDCl3): δ 5.65(m, 1H), 5.58 (dt, J = 9.5, 3.2 
Hz, 1H), 2.57 (t, J = 6.3 Hz, 1H), 2.39 (d, J = 14.0 Hz, 1H), 2.36-2.20 (m, 4H), 2.06 (br 
s, 1H), 1.78-1.66 (m, 3H), 1.54 (br d, J = 12.3 Hz, 1H). 13C-NMR (100 MHz, CDCl3): δ 
182.6, 130.6, 129.5, 35.9, 31.9, 31.4, 31.1, 29.8, 28.5, 26.2. MS m/z: 166 (M+), 79 
(100%). HRMS (EI): Calcd. for C10H14O2 166.0994 (M+), found: 166.0989. Anal. Calcd. 
for C10H14O2: for C, 72.26; H, 8.49; N, 0; Found: C, 71.93; H, 8.37; N, 0.00.  
 
N-Benzyloxycarbonyl-endo-bicyclo[3.3.1]non-6-en-3-ylamine (53) 
  To a solution of carboxylic acid 58 (14.0 g, 84.3 mmol) in toluene (84 mL) were 
added DPPA (18.3 mL, 85.1 mmol) and Et3N (28.4 mL, 202 mmol) at ambient 
temperature. The reaction mixture was stirred for 1.5 h at ambient temperature, then 
BnOH (70 mL, 675 mmol) was added and the resultant mixture was refluxed for 1.5 h. 
After cooling to room temperature, H2O was added. The mixture was extracted with 
AcOEt. The organic layer was washed with brine, dried over MgSO4 and evaporated. 
The crude carbamate was purified with column chromatography (AcOEt–Hexane = 1 : 
15) to give carbamate 53 (19.8 g, 73.0 mmol, 87%) as a colorless oil.  
IR (neat, cm-1): 3434, 1721, 1504. 1H-NMR (400 MHz, CDCl3): δ 7.38-7.25 (m, 5H), 
6.05 (t, J = 7.8 Hz, 1H), 5.92 (d, J = 8.4 Hz, 1H), 5.79 (dt, J = 9.9, 3.2 Hz, 1H), 5.08 (d, 
J = 12.4 Hz, 1H), 5.03 (d, J = 12.4 Hz, 1H), 4.03 (m, 1H), 2.43 (dd, J = 18.8, 7.2 Hz, 
1H), 2.34 (br s, 1H), 2.18 (br s, 1H), 2.06 (br d, J = 18.1 Hz 1H), 2.00 (dt, J = 14.7, 5.5 
 80 
Hz, 1H) 1.89-1.66 (m, 4H), 1.55 (br d, J = 12.1 Hz, 1H). 13C-NMR (100 MHz, CDCl3): 
δ 155.5, 136.9, 134.4, 128.8, 128.4, 128.0, 127.9, 66.2, 44.7, 37.5, 34.2, 32.5, 31.0, 27.7, 
25.5. MS m/z: 271 (M+), 91 (100%). HRMS (EI): Calcd. for C17H21NO2 271.1572 (M+), 
found: 271.1554. Anal. Calcd. for C17H21NO2: for C, 75.25; H, 7.80; N, 5.16; Found: C, 
75.18; H, 7.80; N, 5.16.  
 
2-Azaadamantane (42) 
  To a solution of carbamate 53 (6.51 g, 24.0 mmol) in CH2Cl2 (60 mL) was added 
TfOH (8.49 mL, 95.9 mmol) at 0 °C. After the mixture was stirred for 30 min at 0 °C, 
Et3N (16 mL) was added. After 10% NaOH (30 mL) was added, the mixure was stirred 
for 1 hr and extracted with CH2Cl2. 10% HCl was added to the organic layer and the 
layers were separated. The resultant aqueous layer was basified with 10% NaOH and 
then extracted with CH2Cl2. The organic layer was dried over K2CO3 and evaporated to 
afford 2-azaadamantane 42 (2.59g, 18.9 mmol, 79%) as a colorless solid.  
1H-NMR (400 MHz, CDCl3): δ 3.13 (s, 2H), 2.04 (s, 2H), 1.94 (d, J = 11.4 Hz, 4H), 
1.87 (s, 2H), 1.77 (d, J = 11.4 Hz, 4H). 
 
2-Azaadamantane-N-oxyl [AZADO (8)] 
  A solution of 2-azaadamantane 42 (3.55 g, 25.9 mmol) and Na2WO4·2H2O (4.27 g, 
13.0 mmol) in MeOH (52 mL) was stirred at ambient temperature for 30 min. UHP 
(9.75 g, 104 mmol) was added to the mixture. After 3 h, the mixture was diluted with 
sat. aq. NaHCO3 and extracted with CHCl3. The organic layer was dried over K2CO3 
and evaporated. The crude material was purified with column chromatography (AcOEt– 
Hexane = 1 : 4) to afford AZADO (8) (1.98 g, 13.0 mmol, 50%) as a red solid.  
mp 145 °C. IR (neat, cm-1): 1445, 1281. Anal. Calcd. for C9H14NO: for C, 9.27; H, 
71.02; N, 9.20; Found: H, 9.18; C, 71.06; N, 9.13. 
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Synthesis of Bicyclic Amine Derivatives for Hydroamination (Table 1-2) 












       100%  
 
endo-Bicyclo[3.3.1]non-6-ene-3-carboxyhydrazide (E1) 
  To a solution of carboxylic acid 58 (3.17 g, 19.1 mmol) in toluene (95 mL) were 
added DPPA (8.2 mL 38 mmol) and Et3N (6.4 mL 46 mmol) at ambient temperature. 
The reaction mixture was stirred for 3 h at ambient temperature, sat. aq. NaHCO3 was 
added and the mixture was extracted with AcOEt. The organic layer was washed with 
brine, dried over MgSO4 and evaporated. The residue was purified with column 
chromatography (AcOEt–Hexane = 1 : 15) to give acylazide E1 (3.23 g, 16.9 mmol, 
89%) as a colorless oil.  
IR (neat, cm-1): 2136, 1710, 1192, 1041. 1H-NMR (400 MHz, CDCl3): δ 5.67 (m, 1H), 
5.61 (dt, J = 9.9, 3.1 Hz, 1H), 2.53 (t, J = 6.6 Hz, 1H), 2.43 (d, J = 14.2 Hz, 1H), 
2.37-2.13 (m, 4H), 2.07 (br s, 1H), 1.79 (dd, J = 6.4, 3.6 Hz, 1H) 1.76-1.65 (m, 2H), 
1.54 (br d, J = 12.3 Hz, 1H). 13C-NMR (100 MHz, CDCl3): δ 183.0, 130.5, 129.4, 39.0, 
31.9, 31.4, 31.0, 30.2, 28.4, 26.2. MS m/z: 191 (M+), 79 (100%). HRMS (EI): Calcd. for 
C10H13N3O 191.1059 (M+), found: 191.1049. 
 
N-Methoxycarbonyl-endo-bicyclo[3.3.1]non-6-en-3-ylamine (97) 
  A solution of acylazide E1 (216 mg 1.13 mmol) in toluene (5.7 mL) was refluxed for 
2 h and then toluene was removed in vacuo. Methanol (5.7 mL) was added to the 
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residue. The mixture was refluxed for 12 h and then evaporated. The residue was 
purified with flash column chromatography (AcOEt–Hexane = 1 : 8) to give methyl 
carbamate 97 (222 mg, 1.14 mmol, 100%) as a colorless oil.  
IR (neat, cm-1): 3437, 1730. 1H-NMR (400 MHz, CDCl3): δ 6.07 (t, J = 6.52 Hz, 1H), 
5.88 (br s, 1H), 5.81 (dt, J = 9.66, 3.38 Hz, 1H), 4.01 (m, 1H), 2.44 (dd, J = 18.8, 7.00 
Hz, 1H), 2.35 (br s, 1H), 2.19 (br s, 1H), 2.08 (br d, J = 18.6 Hz, 1H), 1.98 (dt, J = 14.7, 
5.55 Hz, 1H), 1.89-1.66 (m, 4H), 1.55 (d, J = 11.8 Hz, 1H). 13C-NMR (100 MHz, 
CDCl3): δ 156.0, 134.5, 128.7, 51.6, 44.6, 37.6, 34.2, 32.5, 31.0, 27.7, 25.5. MS m/z: 
195 (M+), 79 (100%). HRMS (EI): Calcd. for C11H17NO 195.1259 (M+), found: 
195.1238. 
 












R = Ac: 51
R = TFA: 100
R = Ts: 101  
 
endo-Bicyclo[3.3.1]non-6-en-3-ylamine (59) 
  To a solution of carboxylic acid 58 (500 mg, 3.01 mmol) in toluene (3.0 mL) were 
added DPPA (18.3 mL, 3.31 mmol) and Et3N (1.01 mL,7.12 mmol) at ambient 
temperature. The reaction mixture was stirred for 2 h at ambient temperature, and then 
refluxed for 2.5 h. After cooling to room temperature, 10% aqueous HCl (6 mL) was 
added and the mixture was refluxed for 1.5 h. After cooling to room temperature, Et2O 
was added and the layers were separated. The resultant aqueous layer was basified with 
10% NaOH and then extracted with CH2Cl2. The organic layer was dried over K2CO3 
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and evaporated to afford amime 59 (376 mg, 2.74 mmol, 91%) as a colorless solid. 
IR (neat, cm-1): 2894. 1H-NMR (400 MHz, CDCl3): δ 6.07 (m, 1H), 5.68 (dt, J = 9.51, 
3.17 Hz, 1H), 3.08 (m, 1H), 2.42 (dd, J = 18.3, 6.10 Hz, 1H), 2.31 (br s, 1H), 2.19 (br s, 
1H), 2.05-2.02 (m, 2H), 1.81 (dt, J = 13.9, 5.61 Hz, 1H), 1.76-1.62 (m, 3H), 1.54 (d, J = 
11.5 Hz, 1H). 13C-NMR (100 MHz, CDCl3): δ 135.2, 127.1, 45.5, 40.9, 36.9, 33.2, 30.8, 
28.0, 25.9. MS m/z: 137 (M+), 94 (100%). HRMS (EI): Calcd. for C9H15N 137.1204 
(M+), found: 137.1207.  
 
N-Acetyl-endo-bicyclo[3.3.1]non-6-en-3-ylamine (51) 
  To a solution of amine 59 (30.2 mg, 0.220 mmol) in CH2Cl2 (1.1 mL) were added 
Et3N (92.8 µL, 0.660 mmol) and acetyl chloride (23.5 µL, 0.330 mmol) at 0 °C. After 
the mixture was stirred for 1 h, H2O was added and the mixture was extracted with 
AcOEt. The organic layer was dried over MgSO4, and evaporated. The residue was 
purified by flash column chromatography (AcOEt–Hexane = 2 : 1) to give amide 51 
(32.5 mg, 0.181 mmol, 82%) as a yellow solid.  
IR (neat, cm-1): 3352, 1636. 1H-NMR (400 MHz, CDCl3): δ 6.74 (br s, 1H), 6.11 (m, 
1H), 5.83 (m, 1H), 4.28 (m, 1H), 2.47 (dd, J = 19, 7.1 Hz, 1H), 2.37 (br s, 1H), 2.20 (br 
s, 1H), 2.06 (br d, J = 19 Hz, 1H), 1.96 (m, 1H), 1.86 (s, 3H), 1.83 (s, 2H), 1.57 (d, J = 
12 Hz, 1H). 13C-NMR (100 MHz, CDCl3): δ 168.1, 134.8, 128.7, 42.6, 37.1, 33.8, 32.6, 
30.8, 27.7, 25.4, 23.5. MS m/z: 179 (M+), 179 (100%). HRMS (EI): Calcd. for 
C11H17NO 179.1310 (M+), found: 179.1299. 
 
N-Trifluoroacetyl-endo-bicyclo[3.3.1]non-6-en-3-ylamine (100) 
  To a solution of amine 59 (245 mg, 1.79 mmol) in CH2Cl2 (8.9 mL) were added Et3N 
(0.398 mL, 2.86 mmol) and trifluoroacetic anhydride (0.372 mL, 2.68 mmol) at 0 °C. 
After the mixture was stirred for 30 min, H2O was added and the mixture was extracted 
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with AcOEt. The organic layer was dried over MgSO4, and evaporated. The residue was 
purified by flash column chromatography (AcOEt–Hexane = 1 : 15) to give amide 100 
(348 mg, 1.49 mmol, 84%) as a colorless oil.  
IR (neat, cm-1): 3400, 2927, 1723. 1H-NMR (400 MHz, CDCl3): δ 7.77 (s, 1H), 6.16 (m, 
1H), 5.89 (dt, J = 9.9, 3.4 Hz, 1H), 4.32 (m, 1H), 2.51 (m, 1H), 2.43 (br s, 1H), 2.25 (br 
s, 1H), 2.14-1.97 (m, 2H), 1.97-1.66 (m, 4H), 1.57 (br d, J = 12.8 Hz, 1H). 13C-NMR 
(100 MHz, CDCl3): δ 155.6 (q, J = 36.0 Hz), 134.8, 129.5, 116.1 (q, J = 287.6 Hz), 43.9, 
36.8, 33.3, 32.6, 30.8, 27.5, 25.3. MS m/z: 233 (M+), 79 (100%). HRMS (EI): Calcd. for 
C11H14F3NO 233.1027 (M+), found: 233.1030. 
 
N-p-Toluenesulfonyl-endo-bicyclo[3.3.1]non-6-en-3-ylamine (101) 
  To a solution of amine 59 (31.0 mg, 0.226 mmol) in CH2Cl2 (1.1 mL) were added 
pyridine (54.8 µL, 0.678 mmol) and p-toluenesulfonyl chloride (64.6 mg, 0.339 mmol) 
at 0 °C. After the mixture was stirred for 1 h, H2O was added and the mixture was 
extracted with CHCl3. The organic layer was dried over MgSO4, and evaporated. The 
residue was purified by flash column chromatography (AcOEt–Hexane = 1 : 15) to give 
sulfonamide 101 (31.0 mg, 0.106 mmol, 47%) as a colorless solid. 
Colorless column. mp 117 °C (Et2O-Hexane). IR (neat, cm-1): 3349, 1308, 1157. 
1H-NMR (400 MHz, CDCl3): δ 7.70 (d, J = 8 Hz, 2H), 7.28 (d, J = 8 Hz, 2H), 6.03 (m, 
1H), 5.83 (dt, J = 10, 3.5 Hz, 1H), 5.76 (d, J = 10 Hz, 1H), 3.62 (m, 1H), 2.46-2.35 (m, 
1H), 2.26 (br s, 1H), 2.16-2.04 (m, 2H), 1.86 (dt, J = 15, 5.6 Hz, 1H), 1.76 (dt, J = 15, 
2.0 Hz, 1H), 1.70-1.60 (m, 2H), 1.56 (dt, J = 14, 2.3 Hz, 1H), 1.40 (d, J = 12 Hz, 1H). 
13C-NMR (100 MHz, CDCl3): δ 142.8, 138.6, 134.5, 129.5, 129.2, 126.8, 47.7, 37.6, 
34.3, 32.1, 30.8, 27.5, 25.3, 21.4. MS m/z: 291 (M+), 136 (100%). HRMS (EI): Calcd. 
for C16H21NO2S 291.1293 (M+), found: 291.1314. 
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Representative Procedure for Hydroamination (Table 1-2) 
  To a solution of sulfonamide 101 (30.3 mg, 0.104 mmol) in CH2Cl2 (1.0 mL) was 
added TfOH (9.2 µL, 0.104 mmol) at 0 °C. After the mixture was stirred for 4 h at 0 °C, 
sat. aq. NaHCO3 was added and the mixture was extracted with AcOEt. The organic 
layer was dried over MgSO4, and evaporated. The residue was purified by flash column 
chromatography (AcOEt–Hexane = 1 : 15) to give N-Ts-2-azaadamantane 102 (29.3 mg, 
0.101 mmol, 97%) as a colorless solid.  
 
Data of 2-Azaadamantane Products (Table 1-2) 
N-Methoxycarbonyl-2-azaadamantane (entry 2) 
Colorless plate. mp 88 °C (Hexane). IR (neat, cm-1): 1677. 1H-NMR (400 MHz, 
CDCl3): δ 4.36 (br s, 1H), 4.24 (br s, 1H), 3.69 (s, 3H), 2.10 (br s, 2H), 1.91-1.79 (m, 
6H), 1.77-1.66 (m, 4H). 13C-NMR (100 MHz, CDCl3): δ 155.1, 52.2, 47.2, 46.7, 35.8, 
35.7, 35.4, 26.7. MS m/z: 195 (M+), 195 (100%). HRMS (EI): Calcd. for C11H17NO 
195.1259 (M+), found: 195.1236. 
 
N-Acetyl-2-azaadamantane (entry 3) 
Colorless oil. IR (neat, cm-1): 1633. 1H-NMR (400 MHz, CDCl3): δ 4.84 (br s, 1H), 3.99 
(br s, 1H), 2.09 (br s, 2H), 2.06 (s, 3H), 1.88 (br s, 2H), 1.81 (m, 6H), 1.75 (br d, J = 13 
Hz, 2H). 13C-NMR (100 MHz, CDCl3): δ 167.4, 49.9, 43.8, 36.1, 35.5, 35.3, 26.5, 21.2. 
MS m/z: 179 (M+), 179 (100%). HRMS (EI): Calcd. for C11H17NO 179.1310 (M+), 
found: 179.1292. 
 
N-Trifluoroacetyl-2-azaadamantane (entry 4) 
Colorless oil. IR (neat, cm-1): 1685. 1H-NMR (400 MHz, CDCl3): δ 4.76 (br s, 1H), 4.23 
(br s, 1H), 2.14 (br s, 2H), 1.83-1.91 (m, 10H). 13C-NMR: (100 MHz, CDCl3) δ 154.1 (q, 
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J = 35.3 Hz), 116.8 (q, J = 288.4 Hz), 49.7 (q, J = 3.3 Hz), 46.2, 36.1, 35.2, 35.1, 26.2. 
MS m/z: 233 (M+), 233 (100%). HRMS (EI): Calcd. for C11H14F3NO: 233.1027, found: 
233.1023. 
 
N-p-Toluenesulfonyl-2-azaadamantane (entry 5) 
Colorless needle. mp 111 °C (Et2O-Hexane). IR (neat, cm-1): 1341, 1161. 1H-NMR (400 
MHz, CDCl3): δ 7.73 (d, J = 8 Hz, 2H), 7.27 (d, J = 8 Hz, 2H), 4.12 (s, 2H), 2.41 (s, 
3H), 2.00 (br s, 2H), 1.87-1.75 (m, 6H), 1.64 (d, J = 12 Hz, 4H). 13C-NMR (100 MHz, 
CDCl3): δ 142.6, 139.0, 129.5, 127.0, 48.8, 35.5, 35.0, 26.4, 21.4. MS m/z: 291 (M+), 
291 (100%). HRMS (EI): Calcd. for C16H21NO2S 291.1293 (M+), found: 291.1277. 
 
General Procedure for Alcohol Oxidation Using ABNO/AZADO (Table 1-3)  
  A test tube equipped with a magnetic stirring bar was charged with a solution of 
alcohol (1.00 mmol), ABNO or AZADO (10 µmol) and KBr (11.9 mg, 0.100 mmol) in 
CH2Cl2 (2.7 mL) and sat. aq. NaHCO3 (1 mL). To this cooled (0 °C, a water-ice bath) 
and well-stirred (800 rpm) mixture was added pre-mixed solution of aqueous NaOCl 
(1.0 mL, 1.5 mmol: 1.45 M, purchased from Junsei Chemical Co., Ltd. and titrated) and 
sat. aq. NaHCO3 (1.7 mL) dropwise over 5 min. The reaction mixture was stirred for 20 
min at 0 °C, then diluted with 20% aqueous Na2S2O3 (3 mL). The aqueous layer was 
separated and extracted with CH2Cl2. The combined organic layers were washed with 
brine, dried over MgSO4 and evaporated. The residue was purified by flash column 
chromatography (Et2O–Hexane) to give the corresponding carbonyl compound.  
 
Data of Ketone Products (Table 1-3) 
2-Adamantanone (entry 1) 
IR (neat, cm-1): 1717. 1H-NMR (400 MHz, CDCl3): δ 2.25 (s,2H), 2.10-1.93 (m, 12H). 
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13C-NMR (100 MHz, CDCl3): δ 218.2, 46.9, 39.2, 36.2, 27.4. MS m/z: 150 (M+), 150 
(100%). HRMS (EI): Calcd. for C10H14O: 150.1045, found: 150.1044. 
 
2-Phenyl-1-cyclohexan-1-one (entry 2) 
IR (neat, cm-1): 1698. 1H-NMR (400 MHz, CDCl3): δ 7.35-7.11 (m, 5H), 3.62 (dd, J = 
12.3, 4.9 Hz, 1H), 2.56-2.45 (m, 2H), 2.30-2.23 (m, 2H), 2.05-2.00 (m, 2H), 1.82 (m, 
2H). 13C-NMR (100 MHz, CDCl3): δ 210.2, 138.7, 128.5, 128.3, 126.8, 57.3, 42.1, 35.0, 
27.7, 25.2. MS m/z: 174 (M+), 174 (100%). HRMS (EI): Calcd. for C12H14O: 174.1045, 
found: 174.1033. 
 
l-Menthone (entry 3) 
IR (neat, cm-1): 1709. 1H-NMR (400 MHz, CDCl3): δ 2.35 (ddd, J = 12.8, 3.7, 2.3 Hz, 
1H), 2.18-1.81 (m, 6H), 1.43-1.29 (m, 2H), 1.01 (d, J = 6.3 Hz, 3H), 0.91 (d, J = 6.8 Hz, 
3H), 0.85 (d, J = 6.8 Hz, 3H). 13C-NMR (100 MHz, CDCl3): δ. 213.3, 55.9, 50.8, 35.4, 
33.9, 27.8, 25.9, 22.2, 21.2, 18.7. MS m/z: 154 (M+), 112 (100%). HRMS (EI): Calcd. 
for C10H18O: 1540.1358, found: 154.1349. 
 
2,2-Dimethyl-1-phenyl-propan-1-one (entry 4)  
IR (neat, cm-1): 1676. 1H-NMR (400 MHz, CDCl3): δ 7.68 (d, J = 7.3 Hz, 2H), 
7.47-7.37 (m, 3H), 1.35 (s, 9H). 13C-NMR (100 MHz, CDCl3): δ 209.1, 138.6, 130.7, 
129.9, 127.7, 44.1, 27.9. MS m/z: 162 (M+), 105 (100%). HRMS (EI): Calcd. for 
C11H14O: 162.1045, found: 162.1057. 
 
2,2-Dimethyl-octane-3-one (entry 5) 
IR (neat, cm-1): 1706. 1H-NMR (400 MHz, CDCl3): δ 2.47 (t, J = 7.2 Hz, 2H), 1.55 (m, 
2H), 1.34-1.22 (m, 4H), 1.21 (s, 9H), 0.89 (t, J = 7.12 Hz, 3H). 13C-NMR (100 MHz, 
 88 
CDCl3): δ 216.1, 44.1, 36.4, 31.5, 26.4, 23.6, 22.5, 13.9. MS m/z: 156 (M+), 99 (100%). 
HRMS (EI): Calcd. for C10H20O: 156.1514, found: 156.1510. 
 
1,2:4,5-Di-O-isopropylidene-β-D-erythro-2,3-hexadiulo-2,6-pyranose (entry 6) 
IR (neat, cm-1): 1749. 1H-NMR (400 MHz, CDCl3): δ 4.72 (d, J = 5.6 Hz, 1H), 4.61 (s, J 
= 9.5 Hz, 1H), 4.53 (br d, J = 4 Hz, 1H), 4.37 (dd, J = 13.7, 1.9 Hz, 1H), 4.12 (d, J = 
13.4 Hz, 1H), 4.0 (d, J = 9.5 Hz, 1H), 1.55 (s, 3H), 1.52 (s, 3H), 1.40 (s, 6H). 13C-NMR 
(100 MHz, CDCl3): δ 196.9, 113.7, 110.6, 104.1, 77.9, 75.8, 69.9, 60.1, 27.1, 26.4, 26.0, 
25.9. MS m/z: 259 ([M+H]+), 114 (100%). HRMS (EI): Calcd. for C12H19O6: 259.1182, 
found: 259.1195. 
 
2’,5’-Bis-O-(t-butyldimethylsilyl)-β-D-adenosine (entry 7)  
mp 173-175 °C (Hexane). IR (neat, cm-1) 3374, 3322, 3176, 1642, 1595. 1H-NMR 
(400MHz, CDCl3) δ 8.34 (s, 1H), 8.21 (s, 1H), 6.10 (d, J = 5.1 Hz, 1H), 5.52 (br s, 2H), 
4.63 (dd, J = 5.1, 5.1 Hz, 1H), 4.27 (ddd, J = 4.1, 4.1, 4.1 Hz, 1H), 4.20 (m, 1H), 4.02 
(dd, 1H, J = 11.6, 2.7 Hz), 4.02 (dd, 1H, J = 11.6, 2.2 Hz), 2.72 (OH, d, 1H, J = 4.1 Hz), 
0.96 (s, 9H), 0.84 (s, 9H), 0.158 (s, 3H), 0.141 (s, 3H), -0.05 (s, 3H), -0.12 (s, 3H). 
13C-NMR (100MHz, CDCl3) δ 155.3, 153.0, 138.8, 119.7, 87.9, 85.2, 71.2, 63.1, 26.1, 
25.6, 18.5, 18.0, -4.9, -5.23, -5.24, -5.4. MS m/z: 438 ([M–tBu]+), 438 (100%). HRMS 



















  A solution of N-trifluoroacetyl-2-azaadamantane (70, 9.39 g, 40.3 mmol) in CH2Br2 
(81 mL) was degassed by repeated sonication under argon atmosphere. To the solution 
were added NBS (35.8 g, 0.201 mol), Br2 (1.03 mL, 20.1 mmol), and AIBN (661 mg, 
4.03 mmol) at room temperature. After the mixture was stirred for 12 h at 70 °C, the 
mixture was concentrated in vacuo. Et2O was added to the residue, and the suspended 
white solids were removed by filtration through a Celite pad. The filtrate was 
concentrated in vacuo and the residue was purified by flash column chromatography 
(1:30 to 1:15 AcOEt:hexane) to give bromide 82 (7.59 g, 24.3 mmol, 60%) as a 
colorless oil.  
IR (neat, cm-1): 2938, 1687, 1508. 1H-NMR (400 MHz, CDCl3): δ 4.87 (br s, 1H), 4.34 
(br s, 1H), 2.54-2.37 (m, 6H), 2.34 (br s, 1H), 2.00-1.75 (m, 4H). 13C-NMR (100 MHz, 
CDCl3): δ 154.3 (q, J = 36.0 Hz), 116.5 (q, J = 288.4 Hz), 58.5, 52.3 (q, J = 3.8 Hz), 
49.1, 47.1, 46.8, 46.5, 33.4, 33.5, 30.2. MS m/z: 311 (M+), 232 (100%). HRMS (EI): 
Calcd. for C11H1379BrF3NO 311.0133 (M+), found: 311.0114.  
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1. 20% KOH aq. 
    TEBA* (cat.)
    THF, 90 °C
2. urea·H2O2
    Na2WO4 (cat.)
    MeCN, rt
    33%, 2 steps












  To a solution of bromide 82 (5.04 g, 16.2 mmol) in phenol (32 mL) was added FeCl3 
(3.14 g, 19.4 mmol) at 40 °C. After the mixture was stirred for 3 h at 100 °C, the 
mixture was concentrated in vacuo. CHCl3 and 2 N HCl were added to the residue, and 
the mixture was extracted with CHCl3. The organic extract was washed with brine, 
dried over MgSO4, and concentrated in vacuo. The residue was purified by column 
chromatography (1:8 to 1:4 AcOEt:hexane) to give phenol 85 (4.08 g, 12.5 mmol, 78%) 
as a white solid.  
IR (neat, cm-1): 3301, 1661. 1H-NMR (400 MHz, CDCl3): δ 7.16 (d, J = 8.7 Hz, 2H), 
6.81 (d, J = 8.7 Hz, 2H), 5.11 (br s, 1H), 4.93 (br s, 1H), 4.40 (br s, 1H), 2.34 (br s, 1H), 
2.12-1.90 (m, 8H), 1.90-1.70 (m, 2H). 13C-NMR (100 MHz, CDCl3): δ 154.3 (q, J = 
35.2 Hz), 154.1, 140.4, 125.8, 116.8 (q, J = 288.4 Hz), 115.3, 50.2 (q, J = 3.6 Hz), 46.7, 
41.7, 41.3, 40.7, 35.4, 34.8, 34.5, 27.1. MS m/z: 325 (M+), 325 (100%). HRMS (EI): 




  To a solution of phenol 85 (1.00 g, 3.07 mmol) in DMF (15.4 mL) were added 
K2CO3 (1.27 g, 9.19 mmol), benzyl chloride (0.53 mL, 4.6 mmol), and 
tetrabutylammonium iodide (114 mg, 0.309 mmol) at 0 °C. After the mixture was 
stirred for 24 h at room temperature, sat. aq. NH4Cl was added and the mixture was 
extracted with CHCl3. The organic extract was dried over MgSO4, and concentrated in 
vacuo. The residue was purified by flash column chromatography (1:8 AcOEt:hexane) 
to give ether 112 (1.21 g, 2.91 mmol, 95%) as a colorless solid.  
IR (neat, cm-1): 1679. 1H-NMR (400 MHz, CDCl3): δ 7.52-7.27 (m, 5H), 7.21 (d, J = 
8.9 Hz, 2H), 6.95 (d, J = 8.9 Hz, 2H), 5.04 (s, 2H), 4.93 (br s, 1H), 4.39 (br s, 1H), 2.33 
(br s, 1H), 2.13-1.88 (m, 8H), 1.88-1.72 (m, 2H). 13C-NMR (100 MHz, CDCl3): δ 157.3, 
154.1 (q, J = 35.2 Hz), 140.6, 137.0, 128.6, 128.0, 127.5, 125.6, 116.8 (q, J = 288.4), 
114.7, 70.0, 50.1 (q, J = 3.6 Hz), 46.6, 41.7, 41.3, 40.7, 35.4, 34.8, 34.5, 27.1. MS m/z: 
415 (M+), 91 (100%). HRMS (EI): Calcd. for C24H24F3NO2 415.1759 (M+), found: 
415.1748. 
 
5-(p-Benzyloxyphenyl)-2-azaadamantane N-oxyl [5-BP-AZADO (83)] 
  To a solution of ether 112 (32.5 mg, 78.2 µmol) in THF (0.39 mL) were added 20% 
aqueous KOH (0.22 mL) and benzyltriethylammonium chloride (1.8 mg, 7.9 µmol) at 
room temperature and the mixture was stirred for 35 h at 90 °C. After cooling, CHCl3 
and H2O were added and the mixture was extracted with CHCl3. The organic extract 
was dried over K2CO3, and concentrated in vacuo to give the amine product that was 
used in the next reaction without further purification. A solution of the crude amine and 
Na2WO4·2H2O (12.9 mg, 39.1 µmol) in MeCN (0.16 mL) was stirred for 30 min at 
room temperature. To the mixture was added urea·H2O2 (29.4 mg, 0.313 mmol) at room 
temperature. After 2 h, additional urea·H2O2 (7.35 mg, 78.2 µmol) was added and the 
 92 
mixture was stirred for 1 h. The mixture was diluted with sat. aq. NaHCO3 and the 
mixture was extracted with CHCl3. The organic extract was dried over K2CO3, and 
concentrated in vacuo. The residue was purified by flash column chromatography (1:2 
AcOEt:hexane) to give 5-BP-AZADO (83, 8.63 mg, 25.8 µmol, 33% for 2 steps) as a 
yellow solid.  
IR (neat, cm-1): 2910, 1507. MS m/z: 334 (M+), 262 (100%). HRMS (EI): Calcd. for 
C22H24NO2 334.1807 (M+), found: 334.1800.  
 
Synthesis of 5-(3-Acetoxypropyl)-AZADO [5-AP-AZADO (84)] 
 
1. LiAlH4, THF, 0 °C
2. urea·H2O2, Na2WO4 (cat.)



























Methyl 3-(N-(Trifluoroacetyl)-2-azaadamantan-5-yl)propanoate (114) 
  A solution of bromide 82 (1.14 g, 3.64 mmol) in toluene (7.3 mL) was degassed by 
argon bubbling for 10 min. To the solution were added methyl acrylate (0.982 mL, 
10.91 mmol), Bu3SnH (1.96 mL, 7.17 mmol), and AIBN (59.7 mg, 0.364 mmol) at 
room temperature and the mixture was stirred for 1 h at reflux. After cooling to room 
temperature, 10% aqueous KF (10 mL) was added. After the mixture was stirred for 1 h, 
the mixture was extracted with AcOEt. The organic extract was washed with brine, 
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dried over MgSO4, and concentrated in vacuo. The residue was purified by flash column 
chromatography (1:4 AcOEt:hexane) to give ester 114 (828 mg, 2.59 mmol, 71%) as a 
colorless oil.  
IR (neat, cm-1): 1739, 1685. 1H-NMR (400 MHz, CDCl3): δ 4.82 (br s, 1H), 4.28 (br s, 
1H), 3.68 (s, 3H), 2.31-2.14 (m, 3H), 1.86 (br s, 2H), 1.78-1.46 (m, 10H). 13C-NMR 
(100 MHz, CDCl3): δ 174.2, 154.1 (q, J = 35.2 Hz), 116.8 (q, J = 288.4 Hz), 51.7, 49.8, 
46.3, 40.5, 39.7, 39.5, 37.5, 35.7, 34.7, 31.5, 27.6, 26.7. MS m/z: 319 (M+), 232 (100%). 
HRMS (EI): Calcd. for C15H20F3NO3 319.1395 (M+), found: 319.1394. 
 
5-(3-Hydoxypropyl)-AZADO [5-HP-AZADO (115)] 
  To a solution of ester 114 (657 mg, 2.06 mmol) in THF (10.3 mL) was added LiAlH4 
(312 mg, 8.22 mmol) portionwise at 0 °C. After the mixture was stirred for 30 min, 
Et2O (5 mL) and 30% aqueous NH3 (2.03 mL) were added slowly. After the mixture 
was stirred for 1 h, the mixture was filtered through a Celite pad. The filtrate was 
concentrated by in vacuo to give an amino-alcohol product that was used in the next 
reaction without further purification. A solution of the crude amino-alcohol and 
Na2WO4·2H2O (339 mg, 1.03 mmol) in MeOH (4.1 mL) was stirred for 30 min at room 
temperature. To the mixture was added urea·H2O2 (774 mg, 8.23 mmol) at room 
temperature. After 30 min, additional urea·H2O2 (193 mg, 2.06 mmol) was added and 
the mixture was stirred for another 30 min. The mixture was diluted with sat. aq. 
NaHCO3 and the mixture was extracted with CHCl3. The organic extract was dried over 
K2CO3, and concentrated in vacuo. The residue was purified by flash column 
chromatography (1:20 MeOH:AcOEt) to give 5-HP-AZADO (115, 178 mg, 0.846 
mmol, 41% for 2 steps) as a yellow solid. 
IR (neat, cm-1): 3371. MS m/z: 210 (M+), 210 (100%). HRMS (EI): Calcd. for 
C12H20NO2 210.1492 (M+), found: 210.1486. Anal. Calcd. for C12H20NO2: C, 68.54; H, 
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9.59; N, 6.66; found: C, 67.38; H, 9.29; N, 6.44. 
 
5-(3-Acetoxypropyl)-AZADO [5-AP-AZADO (84)] 
  To a solution of 5-HP-AZADO (115, 45.4 mg, 0.216 mmol) in CH2Cl2 (1.1 mL) were 
added Et3N (90.2 µL, 0.647 mmol), AcOH (18.5 µL, 0.323 mmol), DIC (0.101 mL, 
0.645 mmol), and DMAP (5.27 mg, 43.1 µmol) at room temperature. After the mixture 
was stirred for 6 h, CH2Cl2 and H2O were added and the mixture was extracted with 
CH2Cl2. The organic extract was dried over K2CO3, and concentrated in vacuo. The 
residue was purified by column chromatography (1:1 AcOEt:hexane) to give 
5-AP-AZADO (84, 50.4 mg, 0.200 mmol, 92%) as a red oil.  
IR (neat, cm-1): 3298, 1739, 1703, 1662. MS m/z: 252 (M+), 180 (100%). HRMS (EI): 
Calcd. for C14H22NO3 252.1600 (M+), found: 252.1582. 
 
General Procedure for Alcohol Oxidation Using Functionalized AZADOs  
  A test tube equipped with a magnetic stirring bar was charged with a solution of 
alcohol (1.00 mmol), functionalized AZADO 83 or 84 (10 µmol) and KBr (11.9 mg, 
0.100 mmol) in CH2Cl2 (2.7 mL) and sat. aq. NaHCO3 (1 mL). To this cooled (0 °C, a 
water-ice bath) and well-stirred (800 rpm) mixture was added pre-mixed solution of 
aqueous NaOCl (1.0 mL, 1.5 mmol: 1.45 M, purchased from Junsei Chemical Co., Ltd. 
and titrated) and sat. aq. NaHCO3 (1.7 mL) dropwise over 5 min. The reaction mixture 
was stirred for 20 min at 0 °C, then diluted with 20% aqueous Na2S2O3 (3 mL). The 
aqueous layer was separated and extracted with CH2Cl2. The combined organic layers 
were washed with brine, dried over MgSO4 and concentrated in vacuo. The residue was 
purified by flash column chromatography (Et2O–hexane) to give the corresponding 
carbonyl compound.  
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DMF (0.1 M), rt, 7 d
(ca. 91%)a
5 M NaOH (15 eq.)
EtOH (30 eq.)
THF (0.1 M)




MeCN (0.1 M), rt
85 (1.5 eq.)






  To a solution of phenol 85 (2.36 g, 7.25 mmol) in DMF (48 mL) were added K2CO3 
(2.00 g, 14.5 mmol), Merrifield resin (4.00 g, 4.8 mmol Cl), and tetrabutylammonium 
iodide (177 mg, 0.480 mmol) at room temperature. After the mixture was vigorously 
shaken for 7 days at room temperature, the resin was collected by filtration, washed 
with H2O, DMF–H2O (1 : 1), DMF, THF, CH2Cl2, MeOH and dried in vacuo. Resin 
117 (5.00 g) was obtained as a colorless solid.  
IR (neat, cm-1): 1683, 1512, 1493, 1451. Anal. Found: H, 7.16; C, 82.91; N, 1.27. 
 
5-(p-(Polystyrylmethyloxy)-phenyl)-2-azaadamantane (118) 
  To a suspension of resin 117 (4.81 g) in THF (48 mL) were added EtOH (7.5 mL) 
and 5.0 M aqueous NaOH (12.8 mL) at room temperature, and the mixture was refluxed 
for 24 h. The resin was collected by filtration, washed with H2O, DMF–H2O (1 : 1), 
DMF, THF, CH2Cl2, MeOH and dried in vacuo. Resin 118 (4.56 g) was obtained as a 
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colorless solid. 
IR (neat, cm-1): 1684, 1510, 1492, 1451.  
 
5-(p-(Polystyrylmethyloxy)-phenyl)-2-azaadamantane N-oxyl (87) 
  A suspension of resin 118 (4.32 g) and Na2WO4·2H2O (692 mg, 2.10 mmol) in 
MeCN (42 mL) was stirred for 30 min at room temperature. To the mixture was added 
urea·H2O2 (1.58 g, 16.8 mmol) at room temperature. After the mixture was stirred for 
24 h at room temperature, the resin was collected by filtration, washed with H2O, 
DMF–H2O (1 : 1), DMF, THF, CH2Cl2, MeOH and dried in vacuo. Resin 87 (4.30 g) 
was obtained as a pink solid.  
IR (neat, cm-1):1681, 1510, 1492, 1450. Anal. Found: H, 7.32; C, 84.38; N, 1.29; F, 
3.17. 
 
General Procedure for Alcohol Oxidation Using PS-AZADO 87 and NaOCl 
  A test tube equipped with a magnetic stirring bar was charged with a mixture of 
alcohol (1.00 mmol), PS-AZADO 87 (4.0 mg, ca. 11 µmol) and KBr (11.9 mg, 0.100 
mmol) in CH2Cl2 (2.7 mL) and sat. aq. NaHCO3 (1 mL). To this cooled (0 °C, a 
water-ice bath) and well-stirred (800 rpm) mixture was added pre-mixed solution of 
aqueous NaOCl (1.0 mL, 1.5 mmol: 1.45 M, purchased from Junsei Chemical Co., Ltd. 
and titrated) and sat. aq. NaHCO3 (1.7 mL) dropwise over 5 min. The reaction mixture 
was stirred for 20 min at 0 °C, then diluted with 20% aqueous Na2S2O3 (3 mL). The 
aqueous layer was separated and extracted with CH2Cl2. The combined organic layers 
were washed with brine, dried over MgSO4 and concentrated in vacuo. The residue was 
purified by flash column chromatography (Et2O–hexane) to give the corresponding 
carbonyl compound.  
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General Procedure for Alcohol Oxidation Using PS-AZADO 87 and PhI(OAc)2 
  To a mixture of alcohol (1.00 mmol) and PS-AZADO 87 (4.0 mg, ca. 11 µmol) in 
CH2Cl2 (1 mL) was added PhI(OAc)2 (483 mg, 1.50 mmol) at one stroke. The reaction 
mixture was allowed to stir until the alcohol was no longer detectable (TLC), then it 
was diluted with CH2Cl2 and sat. aq. NaHCO3 (1.5 mL), followed by 20% aqueous 
Na2S2O3 (3 mL). The layers were separated and the aqueous layer was extracted with 
CH2Cl2. The combined organic layers were washed with brine, dried over MgSO4 and 
concentrated in vacuo. The residue was purified by flash column chromatography 
(Et2O–hexane) to give the corresponding carbonyl compound.  
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Chapter 3  
 
Synthesis of Amino Alcohol Substrates 
 











E2 135  
 
N-Benzyloxycarbonyl-4-piperidinol (135) 
  To a solution of 4-piperidinol E2 (2.5 g, 24.7 mmol) and 1 N NaOH aq. (30 mL, 30.0 
mmol) in 1,4-dioxane (30 mL) was added CbzCl (4.2 mL, 29.6 mmol) dropwise (using 
dropping funnel) at 0 °C. After stirring for 30 min at room temperature, the mixture was 
diluted with H2O, acidified with 10% HCl aq. to pH 1 and extracted with AcOEt (3 
times).  The organic layer was washed with brine, dried over MgSO4 and evaporated. 
The residue was purified with flash column chromatography (Silica Gel 60N, 
AcOEt-Hexane = 1 : 1 to 2 : 1) to afford N-benzyloxycarbonyl-4-piperidinol 135 (5.33 g, 
22.6 mmol, 92 %) as a colorless oil. 
colorless oil. IR (neat, cm-1): 3427, 2944, 1678, 1224. 1H-NMR (400 MHz, CDCl3): δ 
7.37-7.30 (m, 5H), 5.13 (s, 2H), 3.90-3.85 (m, 3H), 3.14 (m, 2H), 1.86 (br s, 2H), 1.71 
(m, 1H), 1.50 (br s, 2H). 13C-NMR (100 Hz, CDCl3): δ 155.2, 136.7, 128.5, 128.0, 
127.8, 67.4, 67.1, 41.3, 34.0. MS m/z: 235 (M+), 91 (100%). HRMS (EI): Calcd. for 
C13H17NO3 235.1208 (M+), found: 235.1207. 
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    CH2Cl2, 5 h
2. NaBH4, MeOH
    0 °C, 50 min







  To a solution of trans-4-aminocyclohexanol 161 (3.00 g, 26.0 mmol) and 
benzaldehyde (2.6 mL, 26.0 mmol) in CH2Cl2 (100 mL) was added Na2SO4 (22.0 g, 156 
mmol) at room temperature. After stirring mixture at the same temperature for 3 h, 
additional Na2SO4 (11.0 g, 78.0 mmol) was added and the mixture was stirred for 2 h at 
the same temperature. The mixture was filtered and the filtrate was concentrated under 
reduced pressure. The residue was dissolved in MeOH (100 mL), and then NaBH4 (2.50 
g, 65.0 mmol) was added to the solution slowly at 0 °C. The mixture was stirred at the 
same temperature for 50 min and concentrated under reduced pressure. The residue was 
diluted with H2O and extracted with CHCl3 (3 times). The organic layer was washed 
with brine, dried over K2CO3 and evaporated. The residue was purified with column 
chromatography (Silica Gel 60N, MeOH-CHCl3 = 1 : 4) to afford a reddish solid. This 
solid was recrystallized from AcOEt to give N-benzyl-trans-4-aminocyclohexanol 136 
(2.12 g, 10.3 mmol, 40% for 2 steps) as colorless crystals.  
colorless crystals. mp 84-85 °C (AcOEt). IR (neat, cm-1): 3264, 3152, 2928. 1H-NMR 
(400 MHz, CDCl3): δ  7.34-7.22 (m, 5H), 3.80 (s, 2H), 3.62 (m, 1H), 2.53-2.48 (m, 1H), 
1.97 (dd, J = 10.2, 3.0 Hz, 4H), 1.46 (br s, 1H), 1.34-1.16 (m, 4H). 13C-NMR (100 Hz, 
CDCl3): δ 140.5, 128.4, 128.0, 126.9, 70.3, 55.4, 51.4, 33.9, 31.1. MS m/z: 205 (M+), 
146 (100%). HRMS (EI): Calcd. for C13H19NO 205.1467 (M+), found: 205.1456. 
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    i-PrOH, reflux, 46 h
E3 140
2. NaBH4, MeOH
    0 ºC, 45 min
    40% for 2 steps  
 
3-Dimethylamino-2,2-dimethyl-1-phenyl-1-propanol (140)42  
  To a solution of isobutyrophenone E3 (1.50 g, 10.0 mmol) and dimethylamine 
hydrochloride (2.60 g, 32.0 mmol) in i-PrOH (6.0 mL) was added paraformaldehyde 
(840 mg, 28.0 mmol) at room temperature. The mixture was refluxed for 46 h. After 
cooling to room temperature, the mixture was concentrated under reduced pressure and 
diluted with Et2O and 10% HCl aq. After the layers were separated, the aqueous layer 
was washed with Et2O (twice), basified with 10% NaOH aq. to pH 12, and then 
extracted with CHCl3 (twice). The organic layer (CHCl3 solution) was dried over 
K2CO3 and evaporated. The residue was used in the next reaction without further 
purification. To a solution of the residue in MeOH (12 mL) was added NaBH4 (685 mg, 
18.1 mmol) slowly at 0 °C. After stirring for 45 min at the same temperature, the 
mixture was concentrated under reduced pressure. The residue was diluted with H2O 
and extracted with CHCl3 (3 times). The organic layer was dried over K2CO3 and 
evaporated. The residue was purified with flash column chromatography (Silica Gel 
60N, MeOH-CHCl3 = 2 : 98) to afford 3-dimethylamino-2,2-dimethyl-1-phenyl-1- 
propanol 140 (828 mg, 4.00 mmol, 40% for 2 steps) as a colorless oil. 
colorless oil. IR (neat, cm-1): 3168, 2951, 1463. 1H-NMR (400 MHz, CDCl3): 
δ 7.34-7.22 (m, 5H), 4.63 (s, 1H), 2.54 (d, J = 13.8 Hz, 1H), 2.40 (s, 6H), 2.37 (d, J = 
13.8 Hz, 1H), 0.92 (s, 3H), 0.70 (s, 3H). 13C-NMR (100 Hz, CDCl3): δ 141.7, 127.9, 
127.3, 126.9, 83.3, 72.7, 48.1, 38.4, 25.6, 19.9. MS m/z: 207 (M+), 58 (100%). HRMS 
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(EI): Calcd. for C13H21NO 207.1623 (M+), found: 207.1617.  
 






    reflux, 4 h
2. DIBAL-H, THF
    –78 °C, 2.5 h
3. Ac2O, Et3N
    CH2Cl2, 6 h












(E)-4-(Dibenzylamino)-2-butenyl acetate (E5) 
  To a solution of methyl-4-bromocrotonate E4 (85%, 1.50 g, 7.12 mmol) in THF (10 
mL) was added dibenzylamine (4.1 mL, 21.4 mmol) in THF (11 mL) slowly (via 
cannula) at room temperature. The mixture was refluxed for 4 h (Note: White 
precipitation was formed). After cooling to room temperature, the mixture was filtered 
through Celite® and the filtrate was concentrated under reduced pressure. The residue 
was diluted with H2O and extracted with CHCl3 (3 times). The organic layer was dried 
over K2CO3 and evaporated. The residue (4.24 g) was used in the next reaction without 
further purification. To a solution of the residue (4.24 g) in THF (14 mL) was added 
DIBAL-H (1 M in toluene, 18 mL, 17.8 mmol) dropwise (via syringe) at –78 °C. The 
mixture was stirred for 1 h at the same temperature. Additional DIBAL-H (9.0 mL, 8.90 
mmol) was added at –78 °C and the mixture was stirred for 1.5 h at the same 
temperature. The mixture was diluted with sat. NH4Cl aq., and then sat. potassium 
sodium tartrate aq. was added. The mixture was stirred overnight at room temperature 
and extracted with AcOEt (twice). The organic layer was washed with brine, dried over 
K2CO3 and evaporated. The residue was purified with column chromatography (Silica 
Gel 60N, MeOH-CHCl3 = 3 : 97) to afford a yellow oil (1.26 g) as a mixture. To a 
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solution of the oil (600 mg) and Et3N (468 µL, 3.36 mmol) in CH2Cl2 (12 mL) was 
added Ac2O (318 µL, 3.36 mmol) at 0 °C. The mixture was stirred for 2.5 h at room 
temperature. Additional Ac2O (318 µL, 3.36 mmol) and Et3N (468 µL, 3.36 mmol) 
were added at 0 °C and the mixture was stirred for another 3.5 h at room temperature. 
After diluting with H2O, the mixture was extracted with CH2Cl2. The organic layer was 
washed with sat. NaHCO3 aq., dried over K2CO3 and evaporated. The residue was 
purified with flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 10) to 
afford (E)-4-(dibenzylamino)-2-butenyl acetate E5 (648 mg, 2.09 mmol, 62% for 3 
steps) as a colorless oil.  
colorless oil. IR (neat, cm-1): 2923, 1739, 1235. 1H-NMR (400 MHz, CDCl3): δ 
7.36-7.21 (m, 10H), 5.84 (dt, J = 15.6, 6.4 Hz, 1H), 5.74 (dt, J = 15.6, 6.4 Hz, 1H), 4.54 
(d, J = 6.4 Hz, 2H), 3.56 (s, 4H), 3.07 (d, J = 6.4 Hz, 2H), 2.04 (s, 3H). 13C-NMR (100 
Hz, CDCl3): δ 170.8, 139.5, 133.0, 128.7, 128.2, 126.9, 126.7, 64.5, 57.9, 54.9, 21.0. 




  To a solution of (E)-4-(dibenzylamino)-2-butenyl acetate E5 (648 mg, 2.09 mmol) in 
MeOH (10 mL) was added K2CO3 (723 mg, 5.23 mmol) at room temperature. The 
mixture was stirred for 40 min at the same temperature. The mixture was filtered and 
the filtrate was concentrated under reduced pressure. The residue was dissolved with 
H2O and extracted with CHCl3 (3 times). The organic layer was dried over K2CO3 and 
evaporated. The residue was purified with flash column chromatography (Silica Gel 
60N, AcOEt-Hexane = 1 : 5) to afford (E)-4-(dibenzylamino)-2-buten-1-ol 141 (570 mg, 
2.13 mmol, quant.) as a pale yellow oil. 
pale yellow oil. IR (neat, cm-1): 3344, 2922. 1H-NMR (400 MHz, CDCl3): δ 7.38-7.21 
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(m, 10H), 5.83-5.72 (m, 2H), 4.10 (s, 2H), 3.58 (s, 4H), 3.07 (d, J = 4.4 Hz, 2H). 
13C-NMR (100 Hz, CDCl3): δ 139.6, 131.7, 129.8, 128.7, 128.1, 126.8, 63.3, 58.1, 55.2. 
MS m/z: 267 (M+), 106 (100%). HRMS (EI): Calcd. for C18H21NO 267.1623 (M+), 
found: 267.1622. 
 















  To a suspension of 4-piperidinol E2 (2.02 g, 20.0 mmol) and K2CO3 (8.29 g, 60.0 
mmol) in EtOH (20 mL) was added allyl bromide (2.6 mL, 30.0 mmol) at 0 °C. The 
mixture was stirred for 3 h at room temperature. The additional allyl bromide (1.3 mL, 
15.0 mmol) was added at room temperature and the mixture was stirred for 1 h at the 
same temperature. The mixture was filtered and the filtrate was concentrated under 
reduced pressure. The residue was diluted with Et2O and 10% HCl aq. and the layers 
were separated. The aqueous layer was washed with Et2O (once), basified with 10% 
NaOH aq. to pH 12, and then extracted with CHCl3 (3 times). The organic layer was 
dried over K2CO3 and evaporated. The residue was purified with flash column 
chromatography (CHROMATOREX®-NH, AcOEt-Hexane = 1 : 2 to MeOH-CHCl3 = 
5 : 95) to afford N-allyl-4-piperidinol 142 (873 mg, 6.18 mmol, 31%) as a pale yellow 
oil.  
pale yellow oil. IR (neat, cm-1): 3358, 2940, 1070. 1H-NMR (400 MHz, CDCl3): δ 5.87 
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(ddt, J = 17.8, 9.6, 6.4 Hz, 1H), 5.17 (d, J = 17.8 Hz, 1H), 5.14 (d, J = 9.6 Hz, 1H), 3.70 
(br s, 1H), 2.99 (d, J = 6.4 Hz, 2H), 2.77 (m, 1H), 2.77 (d, J = 12.8 Hz, 1H), 2.13 (m, 
2H), 1.90 (ddd, J = 12.8, 7.6, 4.0 Hz, 2H), 1.63 (dd, J = 9.2, 4.0 Hz, 1H), 1.60 (d, J = 
2.4 Hz, 1H), 1.57 (dd, J = 9.2, 4.0 Hz, 1H). 13C-NMR (100 Hz, CDCl3): δ 135.3, 117.7, 
68.0, 61.7, 51.0, 34.5. MS m/z: 141 (M+), 141 (100%). HRMS (EI): Calcd. for C8H15NO 
141.1154 (M+), found: 141.1128. 
 











E2 144  
 
N-p-Methoxybenzyl-4-piperidinol (144)  
  To a solution of 4-piperidinol E2 (1.00 g, 9.89 mmol) and Et3N (3.0 mL, 21.8 mmol) 
in DMF (21 mL) was added PMBCl (1.3 mL, 9.89 mmol) at 0 °C. After stirring for 18 h 
at room temperature, the mixture was diluted with H2O and extracted with 
AcOEt-Hexane (1:1, 3 times). The organic layer was dried over K2CO3 and evaporated. 
The residue was purified with flash column chromatography (Silica Gel 60N, 
MeOH-CHCl3 = 5 : 95 to 1 : 4) to afford N-p-methoxybenzyl-4-piperidinol 144 (1.32 g, 
5.97 mmol, 60%) as colorless crystals. 
colorless crystals. mp 61-62 °C (AcOEt-Hexane). IR (neat, cm-1): 3359, 2939, 1513, 
1247. 1H-NMR (400 MHz, CDCl3): δ 7.22 (d, J = 8.8 Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 
3.80 (s, 3H), 3.68 (m, 1H), 3.44 (s, 2H), 2.73 (s, 1H), 2.73 (d, J = 12.0 Hz, 1H), 2.11 (m, 
2H), 1.87 (dt, J = 9.6, 4.0 Hz, 2H), 1.60 (dd, J = 9.6, 4.0 Hz, 1H), 1.55 (dd, J = 9.6, 4.0 
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Hz, 1H). 13C-NMR (100 Hz, CDCl3): δ 158.7, 130.5, 130.3, 113.5, 68.2, 62.3, 55.2, 50.9, 
34.5. MS m/z: 221 (M+), 221 (100%). HRMS (EI): Calcd. for C13H19NO2 221.1416 
(M+), found: 221.1406. 
 















  To a solution of 4-piperidinol E2 (500 mg, 4.94 mmol) and K2CO3 (1.0 g, 7.41 
mmol) in EtOH (8.2 mL) was added geranyl bromide* (1.2 g, 5.44 mmol) at 0 °C. After 
stirring for 11 h at room temperature, the mixture was filtered and the filtrate was 
concentrated under reduced pressure. The residue was purified with flash column 
chromatography (Silica Gel 60N, MeOH-CHCl3 = 1 : 4)  to afford N-geranyl-4- 
piperidinol 145 (739 mg, 3.11 mmol, 63%) as a yellow oil.  
yellow oil. IR (neat, cm-1): 3358, 2928, 1670, 1065. 1H-NMR (400 MHz, CDCl3): δ 
5.26 (t, J = 6.8 Hz, 1H), 5.08 (t, J = 6.8 Hz, 1H), 3.73-3.68 (m, 1H), 2.96 (d, J = 6.8 Hz, 
2H), 2.79-2.76 (m, 2H), 2.13-1.88 (m, 9H), 1.75-1.51 (m, 2H), 1.67 (s, 3H), 1.63 (s, 3H), 
1.60 (s, 3H). 13C-NMR (100 Hz, CDCl3): δ 138.6, 131.5, 124.1, 121.0, 67.9, 55.9, 50.9, 
39.7, 34.5, 26.4, 25.6, 17.6, 16.3. MS m/z: 237 (M+), 114 (100%). HRMS (EI): Calcd. 
for C15H27NO 237.2093 (M+), found: 237.2071. 
*Geranyl bromide was prepared according to the following literature (without 
purification); Hannesian, S. et al. J. Am. Chem. Soc. 1990, 112, 5276.  
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HO 1. AcCl, MeOH
    reflux, 6 h
2. BnCl, Et3N
    CH2Cl2, reflux, 6 h
    41% for 2 steps 148E6  
 
(2S,4R)-1-Benzyl-2-carboxymethyl-4-hydroxypyrrolidine (148) 
  AcCl (755 µL, 10.7 mmol) was added slowly to MeOH (6.6 mL) at 0 °C. To the 
mixture was added trans-4-hydroxy-l-proline E6 (1.00 g, 7.63 mmol) at the same 
temperature, and then the mixture was refluxed for 6 h. After cooling to room 
temperature, the mixture was diluted with Et2O. (Note: White precipitate was formed.) 
The precipitate was collected by filtration and dried. To the suspension of the precipitate 
(1.16 g, <6.38 mmol) and Et3N (1.78 mL, 12.8 mmol) in CH2Cl2 (5.3 mL) was added 
BnCl (734 µL, 6.38 mmol) at 0 °C. The mixture was refluxed for 6 h. After cooling to 
room temperature, the mixture was diluted with 10% NaOH aq. to adjust the pH to 12 
and extracted with CHCl3 (3 times). The organic layer was dried over K2CO3 and 
evaporated. The residue was purified with flash column chromatography (Silica Gel 
60N, AcOEt-Hexane = 1 : 1)  to afford (2S,4R)-N-benzyl-2-carboxymethyl-4- 
hydroxypyrrolidine 148 (611 mg, 2.60 mmol, 41% for 2 steps) as a pale yellow oil. 
pale yellow oil. IR (neat, cm-1): 3417, 2951, 1732. 1H-NMR (400 MHz, CDCl3): δ 
7.31-7.23 (m, 5H), 4.46 (br s, 1H), 3.90 (d, J = 13.2 Hz, 1H), 3.70 (d, J = 13.2 Hz, 1H), 
3.69 (s, 3H), 3.64-3.60 (m, 1H), 3.33 (dd, J = 10.4, 6.0 Hz, 1H), 2.48 (dd, J = 10.4, 4.0 
Hz, 1H), 2.30-2.23 (m, 1H), 2.11-2.04 (m, 1H), 1.71 (br s, 1H). 13C-NMR (100 Hz, 
CDCl3): δ 174.0, 137.9, 129.0, 128.2, 127.2, 70.1, 63.4, 61.1, 58.1, 51.7, 39.5. MS m/z: 





















4-(4-(2-Pyrimidinyl)-1-piperadinyl)-2-butanol (149)  
  To a solution of 1-(2-pyrimidyl)-piperazine E7 (500 mg, 3.04 mmol) and NaHCO3 
(383 mg, 4.56 mmol) in MeCN (6.0 mL) was added 4-p-toluenesulfonyloxy-2-butanol 
E843 (818 mg, 3.35 mmol) at room temperature. The mixture was refluxed for 16 h. 
Additional 4-p-toluenesulfonyloxy-2-butanol (371 mg, 1.52 mmol) was added and the 
mixture was refluxed for 6 h. After cooling to room temperature, the mixture was 
diluted with H2O and extracted with CHCl3 (3 times). The organic layer was dried over 
K2CO3 and evaporated. The residue was purified with flash column chromatography 
(Silica Gel 60N, MeOH-CHCl3 = 5 : 95) to afford 4-(4-(2-pyrimidinyl)-1-piperadinyl)- 
2-butanol 149 (708 mg, 2.99 mmol, 98%) as colorless crystals.  
colorless crystals. mp 69-70 °C (AcOEt-Hexane). IR (neat, cm-1): 3389, 2963, 1586. 
1H-NMR (400 MHz, CDCl3): δ 8.30 (d, J = 4.8 Hz, 2H), 6.49 (t, J = 4.8 Hz, 1H), 
4.04-3.97 (m, 1H), 3.84 (m, 4H), 2.71 (m, 3H), 2.60 (dt, J = 13.2, 3.6 Hz, 1H), 2.46 (m, 
2H), 1.75-1.65 (m, 1H), 1.56-1.50 (m, 1H), 1.20 (d, J = 6.4 Hz, 3H). 13C-NMR (100 Hz, 
CDCl3): δ 161.5, 157.6, 109.9, 69.7, 57.9, 53.1, 43.6, 33.3, 23.3. MS m/z: 236 (M+), 236 
(100%). HRMS (EI): Calcd. for C12H20N4O 236.1637 (M+), found: 236.1620. 
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cis-N-Allyl-2-phenyl-3-piperidinol (150)  
  To a solution of cis-2-phenyl-3-piperidinol E944 (400 mg, 2.26 mmol), TBAI (8.30 
mg, 226 µmol) and K2CO3 (937 mg, 6.78 mmol) in EtOH (6.8 mL) was added allyl 
bromide (196 µL, 2.26 mmol) at 0 °C. The mixture was stirred for 14 h at the same 
temperature. Additional allyl bromide (39.2 µL, 452 µmol) was added slowly and the 
mixture was stirred for 2 h at room temperature. Additional K2CO3 (62.0 mg, 452 µmol) 
was added and the mixture was stirred for 2 h at room temperature. The mixture was 
filtered and the filtrate was concentrated under reduced pressure. The residue was 
diluted with 10% NaOH aq. and extracted with CHCl3 (3 times). The organic layer was 
dried over K2CO3 and evaporated. The residue was purified with flash column 
chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 2) to afford cis-N-allyl-2-phenyl- 
3-piperidinol 150 (421 mg, 1.94 mmol, 86%) as light yellow prisms.  
light yellow prisms. mp 59 °C (Hexane). IR (neat, cm-1): 3453, 2939, 1643. 1H-NMR 
(400 MHz, CDCl3): δ 7.35-7.28 (m, 5H), 5,85-5.75 (m, 1H), 5.07 (d, J = 8.4 Hz, 1H), 
5.04 (d, J = 16.4 Hz, 1H), 3.71 (br s, 1H), 3.27 (s, 1H), 3.27-3.21 (m, 1H), 3.15 (d, J = 
10.0 Hz, 1H), 2.52 (dd, J = 14.4, 8.0 Hz, 1H), 2.28 (d, J = 8.0 Hz, 1H), 2.12-1.98 (m, 
3H), 1.61-1.58 (m, 1H). 13C-NMR (100 Hz, CDCl3): δ 140.8, 135.2, 128.4, 128.3, 127.3, 
117.1, 71.9, 69.9, 58.2, 53.3, 31.5, 19.9. MS m/z: 217 (M+), 176 (100%). HRMS (EI): 
Calcd. for C14H19NO 217.1467 (M+), found: 217.1453. 
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    isoamylalcohol
    reflux, 4.5 h
151E10
2. NaBH4, MeOH
    0 °C, 5 h
    37% for 2 steps  
 
3-Dimethylamino-1-(1-adamantyl)-1-propanol (151)45  
  To a solution of adamantyl methyl ketone E10 (1.00 g, 5.61 mmol) and 
dimethylamine hydrochloride (640 mg, 7.85 mmol) in isoamylalcohol (3.0 mL) was 
added paraformaldehyde (160 mg, 5.33 mmol) at room temperature. The mixture was 
refluxed for 1.5 h. Additional paraformaldehyde (160 mg, 5.33 mmol) was added and 
the mixture was refluxed for 3 h. After cooling to room temperature, the mixture was 
diluted with Et2O and then formed precipitate was collected by filtration. The 
precipitate was dissolved in Et2O and 10% NaOH aq. and extracted with Et2O (3 times). 
The organic layer was dried over K2CO3 and evaporated. The residue was used in the 
next reaction without further purification. To a solution of the residue in MeOH (3.7 
mL) was added NaBH4 (424 mg, 11.2 mmol) at 0 °C. The mixture was stirred for 3 h 20 
min at the room temperature. Additional NaBH4 (212 mg, 5.60 mmol) was added at 0 
ºC and the mixture was stirred for 1 h 40 min at room temperature. The mixture was 
concentrated under reduced pressure. The residue was diluted with CHCl3 and 10% 
NaOH aq. and extracted with CHCl3 (3 times). The organic layer was dried over K2CO3 
and evaporated. The residue was purified with flash column chromatography (Silica Gel 
60N, MeOH-CHCl3 = 1 : 9 to 1 : 4) to afford 3-dimethylamino-1-(1-adamantyl)-1- 
propanol 151 (493 mg, 2.07 mmol, 37% for 2 steps) as a colorless oil. 
colorless oil. IR (neat, cm-1): 3282, 2902. 1H-NMR (400 MHz, CDCl3): δ 3.25 (dd, J = 
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10.8, 2.0 Hz, 1H), 2.63 (td, J = 12.4, 3.4 Hz, 1H), 2.43 (dt, J = 12.4, 3.4 Hz, 1H), 2.24 (s, 
6H), 1.98 (br s, 3H), 1.73-1.53 (m, 13H), 1.41 (dd, J = 14.8, 2.8 Hz, 1H). 13C-NMR 
(100 Hz, CDCl3): δ 82.0, 59.6, 45.1, 37.9, 37.4, 36.4, 28.4, 25.0. MS m/z: 237 (M+), 58 
(100%). HRMS (EI): Calcd. for C15H27NO 237.2093 (M+), found: 237.2081. 
 




    K2CO3, TBAI, DMF
    60 °C, overnight
2. Ac2O, pyridine
    60 °C, 3 h













N-Allyl-N-benzyl-6-amino-1-hexyl acetate (E12) 
  To a solution of N-allylbenzylamine E11 (1.47 g, 10.0 mmol) and K2CO3 (1.66 g, 
12.0 mmol) in DMF (33 mL), was added 6-bromo-1-hexanol (1.44 mL, 11.0 mmol) at 
room temperature. The mixture was stirred for 6 h at the same temperature. TBAI (369 
mg, 1.00 mmol) was added and the mixture was stirred for 1.5 h at room temperature. 
Additional 6-bromo-1-hexanol (0.98 mL, 7.49 mmol) and K2CO3 (1.11 g, 8.03 mmol) 
were added and the mixture was stirred for 30 min at room temperature and for 12 h at 
60 °C. After cooling to room temperature, the mixture was diluted with H2O and 
extracted with Et2O (3 times). The organic layer was washed with brine, dried over 
K2CO3 and evaporated. The residue was purified with column chromatography (Silica 
Gel 60N, MeOH-CHCl3 = 1 : 100 to 1 : 20) to afford a yellow oil (2.06 g) as a mixture. 
To a solution of the oil (2.06 g) in pyridine (28 mL) was added Ac2O (2.36 mL, 25.0 
mmol) at room temperature. The mixture was stirred for 3 h at 60 °C. After cooling to 
room temperature, the mixture was diluted with Et2O, sat. NaHCO3 aq. and H2O and 
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extracted with Et2O (3 times). The organic layer was washed with brine, dried over 
K2CO3 and evaporated. The residue was purified with flash column chromatography 
(Silica Gel 60N, AcOEt-Hexane = 1 : 8) to afford N-allyl-N-benzyl-6-amino-1-hexyl 
acetate E12 (1.90 g, 6.57 mmol, 66% for 2 steps) as a colorless oil.  
colorless oil. IR (neat, cm-1): 2935, 1740, 1238. 1H-NMR (400 MHz, CDCl3): δ 
7.33-7.21 (m, 5H), 5.75 (ddt, J = 16.0, 10.2, 6.4 Hz, 1H), 5.17 (dd, J = 16.0, 1.8 Hz, 1H), 
5.20 (d, J = 10.0 Hz, 1H), 4.03 (t, J = 6.8 Hz, 2H), 3.55 (s, 2H), 3.06 (d, J = 6.4 Hz, 2H), 
2.41 (t, J = 7.6 Hz, 2H), 2.04 (s, 3H), 1.64-1.58 (m, 2H), 1.50-1.46 (m, 2H), 1.31-1.29 
(m, 4H). 13C-NMR (100 Hz, CDCl3): δ 171.2, 139.8, 136.1, 128.8, 128.1, 126.7, 117.0, 
64.6, 58.1, 56.8, 53.2, 28.6, 26.94, 26.92, 25.8, 21.0. MS m/z: 289 (M+), 160 (100%). 
HRMS (EI): Calcd. for C18H27NO2 289.2042 (M+), found: 289.2033. 
 
N-Allyl-N-benzyl-6-amino-1-hexanol (152) 
  To a solution of N-allyl-N-benzyl-6-amino-1-hexyl acetate E12 (1.84 g, 6.35 mmol) 
in MeOH (32 mL) was added K2CO3 (2.19 g, 15.8 mmol) at room temperature. The 
mixture was stirred for 30 min at the same temperature. The mixture was filtered and 
the filtrate was concentrated under reduced pressure. The residue was diluted with H2O 
and extracted with CHCl3 (3 times). The organic layer was washed with brine, dried 
over K2CO3 and evaporated. The residue was purified with flash column 
chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 4 to 1 : 2 to 1 : 1) to afford 
N-allyl-N-benzyl-6-amino-1-hexanol 152 (1.38 g, 5.58 mmol, 88%) as a colorless oil. 
colorless oil. IR (neat, cm-1): 3346, 2932. 1H-NMR (400 MHz, CDCl3): δ 7.33-7.21 (m, 
5H), 5.88 (ddt, J = 17.4, 10.2, 6.4 Hz, 1H), 5.17 (dd, J = 17.4, 1.8 Hz, 1H), 5.12 (d, J = 
10.2 Hz, 1H), 3.61 (t, J = 6.8 Hz, 2H), 3.55 (s, 2H), 3.06 (d, J = 6.0 Hz, 2H), 2.42 (t, J = 
7.6 Hz, 2H), 1.56-1.47 (m, 4H), 1.32-1.30 (m, 4H). 13C-NMR (100 Hz, CDCl3): δ 139.8, 
136.1, 128.9, 128.1, 126.7, 117.0, 63.0, 58.1, 56.8, 53.3, 32.7, 27.1, 27.0, 25.6. MS m/z: 
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247 (M+), 160 (100%). HRMS (EI): Calcd. for C16H25NO 247.1936 (M+), found: 
247.1947. 
 



























  To a solution of l-proline E13 (4.00 g, 34.7 mmol, >99% ee) and NaOH (2.78 g, 69.5 
mmol) in H2O (64 mL) was added BzCl (4.0 mL, 34.7 mmol) dropwise at 0 °C. The 
mixture was stirred for 10 h at room temperature. The mixture was diluted with H2O 
and washed with Et2O (once). The aqueous layer was acidified with 10% HCl aq. to pH 
1 and extracted with AcOEt. The organic layer was dried over MgSO4 and evaporated 
to afford N-benzoyl-l-proline E14 as colorless crystals.  
colorless crystals. mp 156 °C (AcOEt-Hexane). IR (neat, cm-1): 2979, 1738, 1595, 1570, 
1450. 1H-NMR (400 MHz, CDCl3): δ 7.57-7.39 (m, 5H), 4.77 (dd, J = 8.0, 4.8 Hz, 2H), 
3.60-3.57 (m, 2H), 2.44-2.36 (m, 1H), 2.28-2.19 (m, 1H), 2.09-1.99 (m, 1H), 1.96-1.87 
(m, 1H). 13C-NMR (100 Hz, CDCl3): δ 173.2, 171.8, 135.1, 130.7, 128.4, 127.2, 60.1, 
50.6, 28.1, 25.2. MS m/z: 219 (M+), 105 (100%). HRMS (EI): Calcd. for C12H13NO3 
219.0895 (M+), found: 219.0884. 
 
N-benzyl-l-prolinol (153) 
  To a suspension of LiAlH4 (1.40 g, 36.5 mmol) in THF (33 mL), a solution of 
N-benzoyl-l-proline E14 (2.00 g, 9.12 mmol) in THF (33 mL) was added slowly (via 
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cannula) at 0 °C. The mixture was refluxed for 12 h. After cooling to room temperature, 
the mixture was diluted with MeOH and 10% NaOH aq. was added until a white 
suspension was formed. The suspension was filtered through Celite®. THF and MeOH 
were removed from the filtrate under reduced pressure and the resulting aqueous 
solution was extracted with CHCl3 (3 times). The organic layer was dried over K2CO3 
and evaporated. The residue was purified with flash column chromatography (Silica Gel 
60N, CHCl3 to MeOH-CHCl3 = 1 : 19) to afford a yellow oil (814 mg) as a mixture. 
The mixture was purified with GPC to afford N-benzyl-l-prolinol 153 (468 mg, 2.45 
mmol, 27%) as a yellow oil.  
yellow oil. IR (neat, cm-1): 3406, 2960. 1H-NMR (400 MHz, CDCl3): δ 7.34-7.23 (m, 
5H), 3.97 (d, J = 13.0 Hz, 1H), 3.66 (dd, J = 11.1, 4.0 Hz, 1H), 3.44 (dd, J = 11.1, 2.0 
Hz, 1H), 3.36 (d, J = 13.0 Hz, 1H), 3.00-2.96 (m, 1H), 2.76-2.71 (br m, 2H) 2.30 (dd, J 
= 18.4, 9.2 Hz, 1H), 1.99-1.80 (m, 2H), 1.73-1.65 (m, 2H). 13C-NMR (100 Hz, CDCl3): 
δ 139.3, 128.7, 128.3, 127.0, 64.3, 61.7, 58.5, 54.4, 27.8, 23.5. MS m/z: 191 (M+), 160 
(100%). HRMS (EI): Calcd. for C12H17NO 191.1310 (M+), found: 191.1300. 
 








50 °C, 25 h
27%
H2N OH
E15 155  
 
(R)-4-(Isoindolin-2-yl)-2-methyl-1-butanol (155) 
  To a solution of (R)-4-amino-2-methyl-1-butanol E15 (1.00 g, 9.69 mmol) in MeCN 
(35 mL) were added K2CO3 (3.34 g, 24.2 mmol) and o-xylene dibromide (2.56 g, 9.69 
mmol) at room temperature. The mixture was stirred for 25 h at 50 °C. The mixture was 
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filtered through Celite® and the filtrate was evaporated. The residue was diluted with 
10% NaOH aq. and CHCl3, and extracted with CHCl3 (3 times). The organic layer was 
washed with brine, dried over K2CO3 and evaporated. The residue was purified with 
column chromatography (CHROMATOREX®-NH, CHCl3-Hexane = 1 : 4) to afford 
(R)-4-(isoindolin-2-yl)-2-methyl-1-butanol 155 (543 mg, 2.65 mmol, 27%) as colorless 
crystals.  
colorless crystals. mp 70 °C (Hexane). IR (neat, cm-1): 3386, 2923, 1463, 741. 1H-NMR 
(400 MHz, CDCl3): δ 7.22-7.19 (m, 4H), 4.03 (d, J = 11.6 Hz, 2H), 3.95 (d, J = 11.6 
Hz, 2H), 3.53 (dd, J = 11.2, 3.2 Hz, 1H), 3.33 (dd, J = 11.2, 8.4 Hz, 1H), 2.83 (t, J = 5.6 
Hz, 2H), 1.87-1.79 (m, 1H), 1.77-1.71 (m, 1H), 1.60-1.51 (m, 1H), 0.93 (d, J = 7.2 Hz, 
3H). 13C-NMR (100 Hz, CDCl3): δ 139.1, 126.9, 122.3, 68.8, 58.9, 54.7, 36.8, 35.3, 
18.1. MS m/z: 205 (M+), 132 (100%). HRMS (EI): Calcd. for C13H19NO 205.1467 (M+), 
found: 205.1460. 
 
Synthesis of N-benzyl-5-amino-1-pentanol (138) 
 
1. PhCHO, Na2SO4
    CH2Cl2, rt, 14.5 h
2. NaBH4, EtOH
    0 °C, 4 h
    54% for 2 steps
E16 138




  To a solution of 5-amino-1-pentanol E16 (2.06 g, 20.0 mmol) and benzaldehyde (2.2 
mL, 22.0 mmol) in CH2Cl2 (100 mL) was added Na2SO4 (2.84 g, 20.0 mmol) at room 
temperature. The mixture was stirred for 14.5 h at the same temperature. The mixture 
was filtered and the filtrate was concentrated under reduced pressure. The residue was 
dissolved in MeOH (20 mL), and then NaBH4 (1.13 g, 30.0 mmol) was added slowly to 
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the solution at 0 °C. The mixture was stirred for 3 h at the same temperature. Additional 
NaBH4 (378 mg, 10.0 mmol) was added slowly at 0 °C. The mixture was stirred for 1 h 
at the same temperature, and concentrated under reduced pressure. The residue was 
diluted with NaHCO3 aq. and extracted with AcOEt (3 times). The organic layer was 
dried over K2CO3 and evaporated. The residue was purified with column 
chromatography (CHROMATOREX®-NH, MeOH-CHCl3 = 2 : 98) to afford N-benzyl- 
5-amino-1-pentanol 138 (2.08 g, 10.8 mmol, 54% for 2 steps) as a colorless oil.  
colorless oil. IR (neat, cm-1): 3290, 2931, 1454. 1H-NMR (400 MHz, CDCl3): δ 
7.36-7.24 (m, 5H), 3.78 (s, 2H), 3.63 (t, J = 6.4 Hz, 2H), 2.65 (t, J = 7.2 Hz, 2H), 
1.60-1.51 (m, 4H), 1.48-1.40 (m, 2H). 13C-NMR (100 Hz, CDCl3): δ 140.4, 128.4, 
128.1, 126.9, 62.7, 54.1, 49.2, 32.5, 29.6, 23.4. MS m/z: 193 (M+), 120 (100%). HRMS 
(EI): Calcd. for C12H19NO 193.1467 (M+), found: 193.1471. 
 




























    Na2SO4
    CH2Cl2, 18 h
 
2. NaBH4, MeOH
    0 °C, 20 min
















  To a flame-dried 500 mL four-necked flask were added THF (110 mL) and 
diisopropylamine (3.8 mL, 26.4 mmol) at room temperature. The mixture was cooled to 
–78 °C and then n-BuLi (1.6 N in hexane, 15.3 mL, 24.2 mmol) was added dropwise to 
the mixture over 30 min using dropping funnel. The mixture was stirred for 45 min at 
0 °C. After that, the mixture was cooled to –78 °C again and isobutyronitrile (2.2 mL, 
24.2 mmol) was added dropwise, and then 10-undecenal E17 (4.4 mL, 22.0 mmol) was 
added dropwise to the mixture. The mixture was stirred for 2 h at the same temperature 
and then for 1 h at 0 °C. The mixture was diluted with H2O and extracted with AcOEt 
(twice). The organic layer was washed with brine, dried over MgSO4 and evaporated. 
The residue was purified with column chromatography (Silica Gel 60N, AcOEt-Hexane 
= 1 : 8) to afford a colorless oil (6.48 g) as a mixture. The mixture was used in the next 
reaction without further purification. To the solution of the mixture (6.48 g) and 
2,6-lutidine (5.1 mL, 49.0 mmol) in CH2Cl2 (22 mL) was added TBSOTf (6.1 mL, 26.4 
mmol) at 0 °C. The mixture was stirred for 15 min at room temperature. The mixture 
was diluted with H2O and extracted with CH2Cl2 (3 times). The organic layer was 
washed with brine, dried over MgSO4 and evaporated. The residue was purified with 
column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 20) to afford colorless 
oil (7.73 g) as a mixture. The mixture was used in the next reaction without further 
purification. To the solution of the mixture (1.00 g), 2,6-lutidine (656 µL, 5.66 mmol) 
and NaIO4 (2.42 g, 11.3 mmol) in dioxane-H2O (3:1, 28 mL) was added OsO4 (0.2 M in 
THF, 705 µL, 141 µmol) at 0 °C. The mixture was stirred for 30 min at room 
temperature. The mixture was diluted with H2O and Et2O and extracted with Et2O (3 
times). The organic layer was washed with 20% Na2S2O3 aq. and brine, dried over 
MgSO4 and evaporated. The residue was purified with column chromatography (Silica 
Gel 60N, Et2O-Hexane = 1 : 3) to afford 3-(tert-butyldimethylsilyloxy)-2,2-dimethyl- 
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11-oxododecanenitrile E20 (660 mg, 1.87 mmol, 66% for 3 steps) as a yellow oil.  
yellow oil. IR (neat, cm-1): 2930, 2235, 1725, 1110. 1H-NMR (400 MHz, CDCl3): δ 
9.77 (s, 1H), 3.53 (m, 1H), 2.42 (t, J = 7.2 Hz, 2H), 1.63 (m, 3H), 1.51 (m, 2H), 1.31 (m, 
15H), 0.92 (s, 9H), 0.10 (s, 6H). 13C-NMR (100 Hz, CDCl3): δ 202.8, 124.5, 76.9, 43.8, 
38.4, 34.1, 29.8, 29.2, 26.4, 25.9, 23.9, 22.7, 22.0, 18.2, -3.6, -4.2. MS m/z: 353 (M+), 
296 ([M–t-Bu]+, 100%). HRMS (EI): Calcd. for C20H39NO2Si 353.2750 (M+), found: 
353.2696.  
 
3-(tert-Butyldimethylsilyloxy)-2,2-dimethyl-11-(propylamino)dodecanenitrile (E21)  
  To a solution of 3-(tert-butyldimethylsilyloxy)-2,2-dimethyl-11-oxododecanenitrile 
E20 (660 mg, 1.87 mmol) and n-propylamine (161 µL, 1.96 mmol) in CH2Cl2 (9.4 mL) 
was added Na2SO4 (797 mg, 5.61 mmol) at room temperature. The mixture was stirred 
for 18 h at the same temperature. The mixture was filtered and the filtrate was 
concentrated under reduced pressure. To the solution of the residue in MeOH (9.4 mL) 
was added NaBH4 (283 mg, 7.48 mmol) slowly at 0 °C. The mixture was stirred for 20 
min at the same temperature. The mixture was concentrated under reduced pressure. 
The residue was diluted with H2O and CHCl3 and extracted with CHCl3 (3 times). The 
organic layer was washed with brine, dried over K2CO3 and evaporated. The residue 
was purified with column chromatography (CHROMATOREX®-DIOL, AcOEt-Hexane 
= 1 : 3) to afford 3-(tert-butyldimethylsilyloxy)-2,2-dimethyl-11-(propylamino) 
dodecanenitrile E21 (554 mg, 1.40 mmol, 75% for 2 steps) as a pale yellow oil.  
pale yellow oil. IR (neat, cm-1): 3318, 2927, 2236, 1107. 1H-NMR (400 MHz, CDCl3): δ 
3.54 (m, 1H), 2.61-2.56 (m, 4H), 1.60-1.45 (m, 6H), 1.32-1.25 (m, 18H), 0.94 (s, 9H), 
0.94-0.91 (m, 3H) 0.11 (s, 3H), 0.10 (s, 3H). 13C-NMR (100 Hz, CDCl3): δ 124.7, 76.9, 
51.8, 49.9, 38.5, 34.1, 29.9, 29.8, 29.5, 29.4, 27.4, 26.5, 26.0, 23.9, 23.0, 22.7, 18.3, 
11.8, -3.6, -4.2. MS m/z: 396 (M+), 367 (100%). HRMS (EI): Calcd. for C23H48N2OSi 
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396.3536 (M+), found: 396.3523.  
 
3-Hydroxy-2,2-dimethyl-11-(propylamino)dodecanenitrile (160) 
  To a solution of 3-(tert-butyldimethylsilyloxy)-2,2-dimethyl-11-(propylamino) 
dodecanenitrile E21 (554 mg, 1.40 mmol) in MeOH (7.0 mL) was added 10% HCl aq. 
(7.0 mL) at room temperature. The mixture was stirred for 19 h at the same temperature. 
MeOH was removed from the mixture under reduced pressure, and the resulting 
aqueous solution was washed with Et2O (twice). The aqueous layer was basified with 
10% NaOH aq. to pH 12 and extracted with CHCl3 (3 times). The organic layer was 
dried over K2CO3 and evaporated to afford 3-hydroxy-2,2-dimethyl-11-(propylamino) 
dodecanenitrile 160 (331 mg, 1.17 mmol, 84%) as colorless crystals.  
colorless crystals. mp 52 °C (AcOEt-Hexane). IR (neat, cm-1): 3301, 3148, 2926, 2234. 
1H-NMR (400 MHz, CDCl3): δ 3.43 (d, J = 10.8 Hz, 1H), 2.60-2.55 (m, 4H), 1.67-1.30 
(m, 24H), 0.92 (t, J = 7.6 Hz, 3H). 13C-NMR (100 Hz, CDCl3): δ 124.2, 76.0, 51.9, 50.0, 
38.5, 32.2, 30.1, 29.5, 29.4, 29.4, 29.3, 27.3, 26.3, 23.1, 23.0, 22.5, 11.8. MS m/z: 282 
(M+), 253 (100%). HRMS (EI): Calcd. for C17H34N2O 282.2671 (M+), found: 282.2639. 
 
















1. AZADO, NaOCl, KBr 
    CH2Cl2-sat. NaHCO3
     0 °C, 20 min
2. nBuLi, CeCl3 
    THF, –78 °C, 1.5 h
3. Ac2O, Et3N, DMAP 
    CH2Cl2 , 6 h
4. K2CO3, MeOH, 16 h












  To a solution of N-benzyloxycarbonyl-6-amino-1-hexanoic acid E2248 (5.72 g, 21.6 
mmol) in THF (20 mL) was added BH3·THF (30 mL, 28.1 mmol) dropwise (via 
syringe) at 0 °C. The mixture was stirred for 1 h at room temperature. The mixture was 
diluted with sat. NaHCO3 aq. and extracted with AcOEt (3 times). The organic layer 
was washed with brine, dried over MgSO4 and evaporated. The residue was 
recrystallized from AcOEt-Hexane (1:4) to give N-benzyloxycarbonyl-6-amino- 
1-hexanol E23 (4.44 g, 17.7 mmol, 82%) as colorless needles.  
colorless needles. mp 78 °C (AcOEt-Hexane). IR (neat, cm-1): 3354, 3336, 2941, 1683, 
1529. 1H-NMR (400 MHz, CDCl3): δ 7.36-7.28 (m, 5H), 5.10 (s, 2H), 4.76 (br s, 1H), 
3.63 (t, J = 6.4 Hz, 2H), 3.20 (m, 2H), 1.64 (br s, 1H), 1.58-1.50 (m, 4H), 1.36 (m, 4H). 
13C-NMR (100 Hz, CDCl3): δ 156.4, 136.6, 128.4, 128.0, 66.5, 62.6, 40.8, 32.5, 29.9, 
26.3, 25.2. MS m/z: 251 (M+), 108 (100%). HRMS (EI): Calcd. for C14H21NO3 
251.1521 (M+), found: 251.1510. 
 
N-Benzyloxycarbonyl-10-amino-5-decanol (E24) 
  To a solution of N-benzyloxycarbonyl-6-amino-1-hexanol E23 (1.00 g, 3.98 mmol), 
AZADO (3.02 mg, 19.9 µmol) and KBr (47.4 mg, 398 µmol) in CH2Cl2 (13 mL) and 
sat. NaHCO3 aq. (6.0 mL) were added pre-mixed NaOCl aq. (1.29 M, 4.0 mL) and sat. 
NaHCO3 aq. (7.0 mL) dropwise over 6 min at 0 °C. The mixture was stirred vigorously 
for 15 min at the same temperature. The reaction was quenched with 20% Na2S2O3 aq. 
and the mixture was extracted with Et2O (3 times). The organic layer was washed with 
brine, dried over MgSO4 and evaporated. The residue (aldehyde) was used in the next 
reaction without further purification. A stirred pouder of CeCl3·7H2O (4.40 g, 11.9 
mmol) was heated to 140 °C for 2 h under reduced pressure and then argon gas was 
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introduced to the flask. To the dry CeCl3 was added THF (30 mL) at 0 °C and the 
suspension was stirred for 1 h at the same temperature. The suspension was cooled to 
–78 °C, n-BuLi (1.6 M in hexane, 7.4 mL, 11.9 mmol) was added dropwise into the 
suspension over 8 min and the mixture was stirred for 30 min at the same temperature. 
To the mixture was added the solution of the crude aldehyde in THF (10 mL) slowly 
(via cannula) at –78 °C. The mixture was stirred for 1.5 h at the same temperature. The 
mixture was diluted with sat. NH4Cl aq. and filtered through Celite®. The filtrate was 
extracted with AcOEt (3 times) and the organic layer was washed with brine, dried over 
MgSO4 and evaporated. The residue was purified with flash column chromatography 
(Silica Gel 60N, AcOEt-Hexane = 1 : 3) to afford a colorless oil (411 mg) as a mixture. 
To the solution of the mixture (322 mg), Et3N (438 µL, 3.14 mmol) and DMAP (13.0 
mg, 105 µmol) in CH2Cl2 (5.0 mL) was added Ac2O (297 µL, 3.14 mmol) at 0 °C. The 
mixture was stirred for 5 h at room temperature. Additional Ac2O (297 µL, 3.14 mmol) 
was added at 0 °C and the mixture was stirred for 1 h at room temperature. After 
diluting with H2O, the mixture was extracted with CH2Cl2. The organic layer was 
washed with brine, dried over MgSO4 and evaporated. The residue was purified with 
flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 5) to afford a 
colorless oil (248 mg) as a mixture with AcOH. To a solution of the mixture (248 mg) 
in MeOH (3.5 mL) was added K2CO3 (490 mg, 3.55 mmol) at room temperature. The 
mixture was stirred for 16 h at the same temperature. The mixture was filtered and the 
filtrate was concentrated under reduced pressure. The residue was dissolved in CHCl3 
and H2O and extracted with CHCl3 (3 times). The organic layer was washed with brine, 
dried over MgSO4 and evaporated to afford N-benzyloxycarbonyl-10-amino-5-decanol 
E24 (135 mg, 440 µmol, 14% for 4 steps) as a pale yellow oil.  
pale yellow oil. IR (neat, cm-1): 3333, 2930, 1701. 1H-NMR (400 MHz, CDCl3): δ 
7.36-7.29 (m, 5H), 5.09 (s, 2H), 4.78 (br s, 1H), 3.57 (br s, 1H), 3.19 (d, J = 6.4 Hz, 2H), 
 121 
1.53-1.26 (m, 14H), 0.91 (t, J = 7.2 Hz, 3H). 13C-NMR (100 Hz, CDCl3): δ 156.5, 136.7, 
128.5, 128.13, 128.09, 71.8, 66.6, 41.0, 37.3, 37.2, 30.0, 27.9, 26.7, 25.2, 22.8, 14.1. 




  To a solution of N-benzyloxycarbonyl-10-amino-5-decanol E24 (196 mg, 638 µmol) 
in MeOH (3.2 mL) was added 10% Pd-C (20 mg) slowly at room temperature under Ar 
atmosphere. After the reaction flask was purged with H2 (3 times), the mixture was 
stirred for 12 h at room temperature under H2 atmosphere (balloon). After the reaction 
flask was purged with Ar, the mixture was filtered through Celite®. The filtrate was 
concentrated under reduced pressure. The residue was diluted with 10% HCl aq. and 
washed with Et2O (once). The aqueous layer was basified with 10% NaOH aq. to pH 12 
and extracted with CH2Cl2 (3 times). The organic layer was dried over K2CO3 and 
evaporated to afford 10-amino-5-decanol 163 (77.6 mg, 448 µmol, 70%) as a colorless 
oil. 
colorless oil. IR (neat, cm-1): 3354, 2929. 1H-NMR (400 MHz, CDCl3): δ  3.58 (br s, 
1H), 2.69 (t, J = 7.0 Hz, 2H), 1.54-1.35 (m, 17H), 0.91 (t, J = 7.0 Hz, 3H). 13C-NMR 
(100 Hz, CDCl3): δ  71.6, 42.1, 37.4, 37.2, 33.6, 27.8, 26.9, 25.4, 22.7, 14.0. HRMS 
(ESI): Calcd. for C10H24NO 174.1852 ([M+H]+), found:174.1855. 
 
Representative Procedure for Oxidation of Amino Alcohols (Tables 3-7, 3-8) 
  To a solution of 3-dimethylamino-1-(1-adamantyl)-propanol 151 (59.3 mg, 250 
µmol), DMAP (3.05 mg, 25.0 µmol), bpy (1.95 mg, 12.5 µmol) and AZADO (1.90 mg, 
12.5 µmol) in MeCN (1.25 mL) was added CuCl (1.24 mg, 12.5 µmol) at room 
temperature. The mixture was stirred at the same temperature under air atmosphere 
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(open) for 2.5 h. The reaction was quenched with sat. NaHCO3 aq. (2 mL) and 20% 
Na2S2O3 aq. (2 mL) and the mixture was stirred vigorously at room temperature for 5 
min. The mixture was basified with 10% NaOH aq. and extracted with CHCl3 (3 times). 
The organic layer was dried over K2CO3 and evaporated. The residue was purified with 
flash column chromatography (Silica Gel 60N, MeOH-CHCl3 = 3 : 97) to afford 
3-dimethylamino-1-(1-adamantyl)-propanone 151’ (47.5 mg, 200 µmol, 80%) as a pale 
yellow oil.  
 
Purification Method and Analytical Data of Amino Carbonyl Compounds (Table 
3-7) 
N-Benzyloxycarbonyl-4-piperidinone (entry 1)  
Flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 4 to 1 : 3) 
colorless oil. IR (neat, cm-1): 2964, 1698, 1229. 1H-NMR (400 MHz, CDCl3): δ 
7.38-7.33 (m, 5H), 5.18 (s, 2H), 3.80 (t, J = 6.4 Hz, 4H), 2.46 (br s, 4H). 13C-NMR (100 
Hz, CDCl3): δ 207.2, 155.1, 136.3, 128.6, 128.2, 128.0, 67.6, 43.1, 41.0. MS m/z: 233 
(M+), 91 (100%). HRMS (EI): Calcd. for C13H15NO3 233.1052 (M+), found: 233.1035. 
 
N-Methyl-4-piperidinone (entry 2)  
Flash column chromatography (Silica Gel 60N, MeOH-CHCl3 = 1 : 19 to 1 : 4) 
pale yellow oil. IR (neat, cm-1): 2945, 1720. 1H-NMR (400 MHz, CDCl3): δ 2.72 (t, J = 
6.4 Hz, 4H), 2.47 (t, J = 6.4 Hz, 4H), 2.41 (s, 3H). 13C-NMR (100 Hz, CDCl3): δ 208.6, 
55.4, 45.5, 41.1. MS m/z: 113 (M+), 113 (100%). HRMS (EI): Calcd. for C6H11NO 
113.0841 (M+), found: 113.0851. 
 
N-Benzyl-4-aminocyclohexanone (entry 3) 
Column chromatography (CHROMATOREX®-DIOL, AcOEt-Hexane = 1 : 5 to 1 : 2) 
 123 
colorless oil. IR (neat, cm-1): 3316, 2932, 1713. 1H-NMR (400 MHz, CDCl3): δ 
7.36-7.27 (m, 5H), 3.85 (s, 2H), 3.02 (m, 1H), 2.57-2.50 (m, 2H), 2.33-2.26 (m, 2H), 
2.12-2.08 (m, 2H), 1.80-1.74 (m, 2H), 1.47 (br s, 1H). 13C-NMR (100 Hz, CDCl3): δ 
211.1, 140.2, 128.2, 127.8, 126.8, 52.6, 51.3, 38.1, 31.7. MS m/z: 203 (M+), 146 (100%). 
HRMS (EI): Calcd. for C13H17NO 203.1310 (M+), found: 203.1301. 
 
4-(2-Amino-3,5-dibromobennzylamino)cyclohexanone (entry 4) 
Flash column chromatography (Silica Gel 60N, CHCl3) 
pale brown oil. IR (neat, cm-1): 3430, 3302, 2934, 1714, 1463. 1H-NMR (400 MHz, 
CDCl3): δ 7.50 (d, J = 2.0 Hz, 1H), 7.12 (d, J = 2.0 Hz, 1H), 5.28 (s, 2H), 3.85 (s, 2H), 
2.98 (m, 1H), 2.49-2.42 (m, 2H), 2.39-2.31 (m, 2H), 2.20-2.16 (m, 2H), 1.72-1.63 (m, 
2H), 1.10 (br s, 1H). 13C-NMR (100 Hz, CDCl3): δ 210.6, 143.7, 133.5, 131.4, 126.2, 
110.5, 108.4, 53.7, 50.9, 38.6, 32.0. MS m/z: 373 (M+), 375, ([M+2]+), 377 ([M+4]+), 
278 (100%). HRMS (EI): Calcd. for C13H1679Br2N2O 373.9629 (M+), found: 373.9611. 
 
Purification Method and Analytical Data of Amino Carbonyl Compounds (Table 
3-8) 
3-Dimethylamino-2,2-dimethyl-1-phenyl-1-propanone (entry 1) 
Flash column chromatography (Silica Gel 60N, MeOH-CHCl3 = 1 : 9) 
pale yellow oil. IR (neat, cm-1): 2943, 1675. 1H-NMR (400 MHz, CDCl3): δ 7.69 (dd, J 
= 8.4, 1.0 Hz, 2H), 7.47-7.37 (m, 3H), 2.68 (s, 2H), 2.22 (s, 6H), 1.32 (s, 6H). 13C-NMR 
(100 Hz, CDCl3): δ 209.5, 139.6, 130.6, 127.9, 127.7, 69.1, 49.3, 47.8, 25.5. MS m/z: 




(E)-4-(Dibenzylamino)-2-buten-1-al (entry 2)  
Column chromatography (CHROMATOREX®-DIOL, Et2O-Hexane = 1 : 8) 
yellow oil. IR (neat, cm-1): 2806, 1693, 1454. 1H-NMR (400 MHz, CDCl3): δ 9.51 (d, J 
= 8.0 Hz, 1H), 7.38-7.23 (m, 10H), 6.83 (dt, J = 15.6, 5.6 Hz, 1H), 6.33 (qt, J = 15.6, 
8.0, 1.6 Hz, 1H), 3.62 (s, 4H), 3.32 (dd, J = 5.6, 1.6 Hz, 2H). 13C-NMR (100 Hz, 
CDCl3): δ 193.5, 155.9, 138.7, 133.4, 128.7, 128.4, 127.2, 58.6, 54.6. MS m/z: 265 (M+), 
174 (100%). HRMS (EI): Calcd. for C18H19NO 265.1467 (M+), found: 265.1455. 
 
N-Allyl-4-piperidinone (entry 3)  
Flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 2 to MeOH-CHCl3 
= 1 : 19) 
yellow oil. IR (neat, cm-1): 2963, 2793, 1718. 1H-NMR (400 MHz, CDCl3): δ 5.90 (ddt, 
J = 17.2, 10.4, 6.6 Hz, 1H), 5.23 (dq, J = 17.2, 1.6 Hz, 1H), 5.18 (dq, J = 10.4, 1.6 Hz, 
1H), 3.12 (dt, J = 6.6, 1.6 Hz, 2H), 2.75 (t, J = 6.4 Hz, 4H), 2.47 (t, J = 6.4 Hz). 
13C-NMR (100 Hz, CDCl3): δ 209.0, 134.9, 118.2, 60.7, 52.9, 41.2. MS m/z: 139 (M+), 
139 (100%). HRMS (EI): Calcd. for C8H13NO 139.0997 (M+), found: 139.0978. 
 
N-Benzyl-4-piperidinone (entry 4)  
Flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 2) 
pale yellow oil. IR (neat, cm-1): 2807, 1718. 1H-NMR (400 MHz, CDCl3): δ 7.37-7.27 
(m, 5H), 3.63 (s, 2H), 2.75 (t, J = 6.0 Hz, 4H), 2.46 (t, J = 6.0 Hz, 4H). 13C-NMR (100 
Hz, CDCl3): δ 209.2, 138.1, 128.9, 128.3, 127.3, 61.9, 52.9, 41.2. MS m/z: 189 (M+), 
189 (100%). HRMS (EI): Calcd. for C12H15NO 189.1154 (M+), found: 189.1124. 
 
N-(p-Methoxybenzyl)-4-piperidinone (entry 5)  
Flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 2) 
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yellow oil. IR (neat, cm-1): 2958, 1717, 1513, 1246. 1H-NMR (400 MHz, CDCl3): δ 
7.26 (d, J = 8.8 Hz, 2H), 6.87 (d, J = 8.8 Hz, 2H), 3.81 (s, 3H), 3.56 (s, 2H), 2.73 (t, J = 
6.0 Hz, 4H), 2.44 (t, J = 6.0 Hz, 4H). 13C-NMR (100 Hz, CDCl3): δ 209.3, 158.9, 
130.09, 130.05, 113.7, 61.3, 55.2, 52.7, 41.2. MS m/z: 219 (M+), 121 (100%). HRMS 
(EI): Calcd. for C13H17NO2 219.1259 (M+), found: 219.1260. 
 
N-Geranyl-4-piperidinone (entry 6)  
Flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 2) 
yellow oil. IR (neat, cm–1): 2913, 1720. 1H-NMR (400 MHz, CDCl3): δ 5.30 (t, J = 7.2 
Hz, 2H), 5.09 (t, J = 6.2 Hz, 1H), 3.09 (d, J = 7.2 Hz, 2H), 2.74 (t, J = 6.0 Hz, 4H), 2.47 
(t, J = 6.0 Hz, 4H), 2.10 (t, J = 6.2 Hz, 2H), 2.06 (d, J = 6.0 Hz, 2H), 1.68 (s, 3H), 1.65 
(s, 3H), 1.60 (s. 3H). 13C-NMR (100 Hz, CDCl3): δ 209.1, 139.4, 131.6, 124.0, 120.1, 
55.0, 52.9, 41.3, 39.7, 26.3, 25.6, 17.6, 16.3. MS m/z: 235 (M+), 112 (100%). HRMS 
(EI): Calcd. for C15H25NO 235.1936 (M+), found: 235.1928. 
 
3-Quinuclidinone (entry 7) 
Flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 1 to MeOH-CHCl3 
= 1 : 4) 
colorless solid. IR (neat, cm-1): 2945, 1729. 1H-NMR (400 MHz, CDCl3): δ 3.30 (s, 2H), 
3.07-2.99 (m, 2H), 2.96-2.89 (m, 2H), 2.46 (quint, J = 3.0 Hz, 1H), 2.03-1.98 (m, 4H). 
13C-NMR (100 Hz, CDCl3): δ 219.6, 62.8, 46.9, 39.6, 25.6. MS m/z: 125 (M+), 97 
(100%). HRMS (EI): Calcd. for C7H11NO 125.0841 (M+), found: 125.0823.  
 
(2S)-N-Benzyl-2-carboxymethyl-4-pyrrolidinone (entry 9)  
Flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 7) 
colorless crystals. mp 49 °C (AcOEt-Hexane). IR (neat, cm-1): 2948, 1759, 1747. 
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1H-NMR (400 MHz, CDCl3): δ 7.36-7.28 (m, 5H), 3.90 (d, J = 13.2 Hz, 1H), 3.85 (dd, J 
= 8.0, 5.8 Hz, 1H), 3.75 (s, 3H), 3.74 (d, J = 13.2 Hz, 1H), 3.56 (d, J = 17.4 Hz, 1H), 
3.01 (d, J = 17.4 Hz, 1H), 2.72 (dd, J = 18.4, 8.0 Hz, 1H), 2.57 (dd, J = 18.4, 5.8 Hz, 
1H). 13C-NMR (100 Hz, CDCl3): δ 210.8, 172.4, 136.8, 128.8, 128.5, 127.6, 62.1, 58.8, 
57.4, 52.0, 41.7. MS m/z: 233 (M+), 174 (100%). HRMS (EI): Calcd. for C13H15NO3 
233.1052 (M+), found: 233.1050. 
 
4-(4-(2-Pyrimidinyl)-1-piperadinyl)-2-butanone (entry 10)  
Flash column chromatography (Silica Gel 60N, MeOH-CHCl3 = 1 : 99) 
colorless needles. mp 51 °C (Hexane). IR (neat, cm-1): 3391, 2905, 1704, 1544. 
1H-NMR (400 MHz, CDCl3): δ 8.30 (d, J = 4.8 Hz, 2H), 6.48 (t, J = 4.8 Hz, 1H), 3.82 (t, 
J = 4.8 Hz, 4H), 2.72-2.65 (m, 4H), 2.50 (t, J = 4.8 Hz, 4H), 2.19 (s, 3H). 13C-NMR 
(100 Hz, CDCl3): δ 207.7, 161.7, 157.7, 109.9, 53.0, 52.8, 43.6, 41.3, 30.2. MS m/z: 234 
(M+), 216 (100%). HRMS (EI): Calcd. for C12H18N4O 234.1481 (M+), found: 234.1448. 
 
N-Allyl-2-phenyl-3-piperidinone (entry 11)  
Flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 8) 
yellow oil. IR (neat, cm-1): 2946, 1723. 1H-NMR (400 MHz, CDCl3): δ 7.37-7.28 (m, 
5H), 5,85-5.75 (m, 1H), 5.13 (d, J = 13.2 Hz, 2H), 3.89 (s, 1H), 3.27-3.17 (m, 2H), 2.78 
(dd, J = 14.6, 7.8 Hz, 1H), 2.66 (dt, J = 14.6, 6.0 Hz, 1H), 2.52 (ddd, J = 13.6, 9.8, 4.4 
Hz, 1H), 2.37 (dt, J = 13.6, 7.9 Hz, 1H), 2.11-2.02 (m, 2H). 13C-NMR (100 Hz, CDCl3): 
δ 208.0, 137.3, 134.5, 128.6, 128.4, 127.8, 117.8, 77.2, 57.8, 49.1, 38.0, 23.4. MS m/z: 




3-Dimethylamino-1-(1-adamantyl)-1-propanone (entry 12)   
Flash column chromatography (Silica Gel 60N, MeOH-CHCl3 = 3 : 97) 
yellow oil. IR (neat, cm-1): 2905, 1697. 1H-NMR (400 MHz, CDCl3): δ 2.66-2.61 (m, 
2H), 2.56-2.52 (m, 2H), 2.23 (s, 6H), 2.04 (br s, 3H), 1.82-1.64 (m, 14H). 13C-NMR 
(100 Hz, CDCl3): δ 214.3, 54.0, 46.4, 45.5, 38.3, 36.6, 34.4, 28.0. MS m/z: 235 (M+), 58 
(100%). HRMS (EI): Calcd. for C15H25NO 235.1936 (M+), found: 235.1919. 
 
N-Allyl-N-benzyl-6-amino-1-hexanal (entry 13)  
Column chromatography (Silica Gel 60 F254, AcOEt-Hexane = 1 : 12.5 to 1 : 8) 
colorless oil. IR (neat, cm-1): 2934, 1726. 1H-NMR (400 MHz, CDCl3): δ  9.73 (s, 1H), 
7.32-7.20 (m, 5H), 5.87 (ddt, J = 17.6, 10.2, 6.4 Hz, 1H), 5.17 (d, J = 17.6 Hz, 1H), 5.12 
(d, J = 10.2 Hz, 1H), 3.55 (s, 2H), 3.06 (d, J = 6.4 Hz, 2H), 2.41 (t, J = 7.2 Hz, 2H), 
2.38 (td, J = 7.2, 2.0 Hz, 2H), 1.59 (quint, J = 7.6 Hz, 2H), 1.49 (quint, J = 7.6 Hz, 2H), 
1.31 (quint, J = 7.6 Hz, 2H). 13C-NMR (100 Hz, CDCl3): δ 202.6, 139.7, 136.0, 128.8, 
128.1, 126.7, 117.0, 58.1, 56.8, 53.0, 43.8, 26.7 21.8. MS m/z: 245 (M+), 160 (100%). 
HRMS (EI): Calcd. for C16H23NO 245.1780 (M+), found: 245.1772. 
 
(S,E)-Ethyl 3-(1-benzyopyrrolidin-2-yl)acrylate (entry 14) 
Flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 8) 
colorless oil. IR (neat, cm-1): 2972, 1719, 1264, 1158. 1H-NMR (400 MHz, CDCl3): 
δ 7.31-7.22 (m, 5H), 6.90 (dd, J = 16.0, 8.0 Hz, 1H), 5.99 (d, J = 16.0 Hz, 1H), 4.20 (q, 
J = 7.2 Hz, 2H), 3.93 (d, J = 13.2 Hz, 1H), 3.20 (d, J = 13.2 Hz, 1H), 3.04 (dd, J = 16.8, 
8.4 Hz, 1H), 2.97 (td, J = 8.4, 2.4 Hz, 1H), 2.19 (dd, J = 16.8, 8.4 Hz, 1H), 2.04-1.99 (m, 
1H), 1.97-1.67 (m, 3H), 1.30 (t, J = 7.2 Hz, 3H). 13C-NMR (100 Hz, CDCl3): δ 166.5, 
150.6, 139.1, 128.8, 128.2, 126.9, 121.9, 65.8, 60.3, 58.5, 53.5, 31.5, 22.6, 14.3. MS 
m/z: 259 (M+), 168 (100%). HRMS (EI): Calcd. for C16H21NO2 259.1572 (M+), found: 
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259.1597. 
Determination of enantiomeric excess: CHIRALPAK AD-H (Daicel chemical industries, 
ltd.), i-PrOH-Hexane = 1 : 300, flow rate: 0.3 mL/min; >99% ee. 
 
(S,E)-Ethyl 6-(isoindolin-2-yl-)-4-methyl-2-hexenoate (entry 15) 
column chromatography (CHROMATOREX®-NH, CHCl3-Hexane = 1 : 8) 
light brown oil. IR (neat, cm-1): 2930, 1716. 1H-NMR (400 MHz, CDCl3): δ 7.19 (s, 4H), 
6.91 (dd, J = 16.0, 7.6 Hz, 1H), 5.82 (dd, J = 16.0, 0.80 Hz, 1H), 4.20 (q, J = 7.2 Hz, 
2H), 3.91 (s, 4H), 2.71 (t, J = 7.6 Hz, 2H), 2.50 (quint, J = 7.6 Hz, 1H), 1.71-1.61 (m, 
2H), 1.30 (t, J = 7.2 Hz, 3H), 1.11 (d, J = 6.8 Hz, 3H). 13C-NMR (100 Hz, CDCl3): δ 
166.8, 154.1, 140.1, 126.7, 122.2, 119.9, 60.2, 59.1, 53.7, 35.1, 34.4, 19.5, 14.3. MS 
m/z: 273 (M+), 132 (100%). HRMS (EI): Calcd. for C17H23NO2 273.1729 (M+), found: 
273.1709. 
Determination of enantiomeric excess: CHIRALPAK IC (Daicel chemical industries, 
ltd.), i-PrOH -Hexane = 1 : 19, flow rate = 0.5 mL/min; 99.0% ee. 
 
N-Benzyl-5-(1-benzylpiperidin-2-yl)-1,2,3,4-tetrahydropyridine (entry 16)  
Flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 8 to 1 : 1) 
brown oil. IR (neat, cm-1): 2930, 1658. 1H-NMR (400 MHz, CDCl3): δ 7.32-7.18 (m, 
10H), 6.01 (s, 1H), 4.31 (d, J = 14 Hz, 1H), 3.93 (s, 2H), 2.84-2.74 (m, 4H), 2.37 (d, J = 
11.2 Hz, 1H), 2.10 (t, J = 6.0 Hz, 2H), 1.82-1.26 (m, 9H). 13C-NMR (100 Hz, CDCl3): δ 
140.8, 138.7, 133.6, 128.8, 128.3, 128.2, 127.0, 126.3, 112.0, 69.0, 59.6, 59.2, 53.4, 
47.5, 32.6, 26.0, 25.2, 22.6, 20.7. MS m/z: 346 (M+), 173 (100%). HRMS (EI): Calcd. 
for C24H30N2346.2409 (M+), found: 346.2390. 
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Representative Procedure for Oxidation of Amino Alcohols (Table 3-9) 
  To a mixture of trans-4-aminocyclohexanol 161 (57.6 mg, 500 µmol), DMAP (3.67 
mg, 30.0 µmol), bpy (2.34 mg, 15.0 µmol), AZADO (2.28 mg, 15.0 µmol) and CuCl 
(1.49 mg, 15.0 µmol), was added MeCN (2.5 mL) at room temperature. After the 
mixture was stirred at the same temperature under air atmosphere (open) for 1 h, the 
reaction was quenched with sat. NaHCO3 aq. (2 mL) and 20% Na2S2O3 aq. (2 mL). The 
mixture was stirred at room temperature for 5 min under N2 atmosphere (balloon) and 
three pellets of NaOH (305 mg) was added. After dissolution of the NaOH, Boc2O (650 
µL, 3.00 mmol) was added at 0 °C. After stirring at room temperature for 1 h under N2 
atmosphere (balloon), the mixture was diluted with H2O and extracted with CHCl3 (3 
times). The organic layer was dried over MgSO4 and evaporated. The residue was 
purified with flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 4) to 
afford N-tert-butoxycarbonyl-4-aminocyclohexanone 161’ (94.0 mg, 441 µmol, 88%) as 
a colorless solid.  
 
Purification Method and Analytical Data of Amino Carbonyl Compounds (Table 
3-9) 
N-tert-Butoxycarbonylnortropinone (entry 1) 
Flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 4) 
colorless crystals. mp 64-65 °C (Hexane). IR (neat, cm-1): 2976, 1718, 1698, 1391. 
1H-NMR (400 MHz, CDCl3): δ 4.48 (br s, 2H), 2.69 (br s, 2H), 2.34 (d, J = 16.0 Hz, 
2H), 2.09 (m, 2H), 1.67 (d, J = 8.0 Hz, 1H), 1.65 (d, J = 5.6 Hz, 1H), 1.51 (s, 9H). 
13C-NMR (100 Hz, CDCl3): δ 208.4, 153.3, 80.2, 53.0, 48.6, 29.0, 28.4. MS m/z: 225 





Flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 8 to 1 : 4) 
pale yellow oil. IR (neat, cm-1): 2929, 2237, 1730, 1693. 1H-NMR (400 MHz, CDCl3): δ 
3.13 (br s, 4H), 2.78 (t, J = 7.2 Hz, 2H), 1.62-1.45 (m, 6H), 1.51 (s, 6H), 1.45 (s, 9H), 
1.29 (br s, 10H), 0.87 (t, J = 7.6 Hz, 3H). 13C-NMR (100 Hz, CDCl3): δ 204.3, 155.6, 
122.0, 78.8, 77.2, 48.7, 47.0, 43.6, 38.7, 29.34, 29.28, 29.2, 28.9, 28.4, 26.8, 23.8, 23.5, 
11.2. MS m/z: 380 (M+), 251 (100%). HRMS (EI): Calcd. for C22H40N2O3 380.3039 
(M+), found: 380.3044. 
 
N-tert-Butoxycarbonyl-4-aminocyclohexanone (entry 3)  
Flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 4) 
colorless needles. mp 107 °C (AcOEt-Hexane). IR (neat, cm-1): 3364, 2927, 1713, 1674. 
1H-NMR (400 MHz, CDCl3): δ 4.50 (br s, 1H), 3.93 (br s, 1H), 2.46-2.38 (m, 4H), 
2.26-2.22 (m, 2H), 1.72-1.62 (m, 2H), 1.46 (s, 9H). 13C-NMR (100 Hz, CDCl3): δ 211.7, 
155.9, 79.1, 40.6, 38.5, 35.8, 33.5, 32.4, 28.3. MS m/z: 214 ([M+H]+), 96 (100%). 
HRMS (EI): Calcd. for C11H20NO3 214.1443 (M+), found: 214.1428 
 
N-tert-Butoxycarbonyl-10-amino-5-decanone (entry 5)  
Flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 6) 
colorless needles. mp 37 °C (Hexane). IR (neat, cm-1): 3375, 2933, 1710. 1H-NMR (400 
MHz, CDCl3): δ 4.55 (br s, 1H), 3.10 (br d, J = 2.4 Hz, 2H), 2.40 (t, J = 7.6 Hz, 2H), 
2.38 (t, J = 7.2 Hz, 2H), 1.62-1.40 (m, 6H), 1.35-1.26 (m, 4H), 1.44 (s, 9H), 0.90 (t, J = 
7.6 Hz, 3H). 13C-NMR (100 Hz, CDCl3): δ  211.2, 155.9, 79.0, 42.5, 40.3, 29.9, 28.4, 
26.4, 25.9, 23.4, 22.3, 13.8. MS m/z: 272 ([M+H]+), 170 (100%). HRMS (EI): Calcd. 
for C15H29NO3 271.2147 (M+), found: 271.2138. 
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N-tert-Butoxycarbonylpiperidine-4-carbaldehyde (entry 6)  
Flash column chromatography (Silica Gel 60N, AcOEt-Hexane = 1 : 4 to 1 : 2) 
pale yellow oil. IR (neat, cm-1): 2976, 1728, 1694, 1168. 1H-NMR (400 MHz, CDCl3): δ 
9.66 (s, 1H), 3.96 (m, 2H), 2.93 (t, J = 6.8 Hz, 2H), 2.44-2.38 (m, 1H), 1.90-1.86 (m, 
2H), 1.60-1.49 (m, 2H), 1.46 (s, 9H). 13C-NMR (100 Hz, CDCl3): δ 202.9, 154.7, 79.7, 
48.0, 28.4, 28.4, 25.2. MS m/z: 213 (M+), 57 (100%). HRMS (EI): Calcd. for 
C11H19NO3 213.1365 (M+), found: 213.1336. 
 







–78 ºC to rt
1.25 h, 65%E26
N





CuCl (10 mol%), bpy (10 mol%)
DMAP (20 mol%)
MeCN (0.1 M), rt, air (open)














1. NaBH4, I2 
    0 °C, 11 h
2. NaN3, DMF 
    80 °C, 6.5 h




  To a solution of NaBH4 (114 mg, 3.00 mmol) in THF (12 mL) was added I2 (1.53 g, 
6.02 mmol) in THF (5 mL) dropwise at 0 °C. The mixture was stirred for 11 h at the 
same temperature. The mixture was diluted with H2O and 20% Na2S2O3 aq., and 
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extracted with Et2O (3 times). The organic layer was washed with brine, dried over 
MgSO4 and evaporated. The residue (4-iodo-1-butanol49) was used to the next reaction 
without further purification. To the solution of the residue in DMF (14 mL) was added 
NaN3 (1.70 g, 26.0 mmol) at room temperature. The mixture was stirred for 6.5 h at 
80 °C. After cooling to room temperature, the mixture was diluted with H2O and 
extracted with Et2O (4 times). The organic layer was washed with brine, dried over 
MgSO4 and evaporated. The residue was purified with flash column chromatography 
(Silica Gel 60N, Et2O-Hexane = 1 : 1) to afford 4-azido-1-butanol E25 (820 mg, 7.12 
mol, 59% for 2 steps) as a pale yellow oil.  
pale yellow oil. IR (neat, cm-1): 3348, 2940, 2096. 1H-NMR (400 MHz, CDCl3): δ 3.69 
(dd, J = 6.4, 5.2 Hz, 2H), 3.33 (t, J = 6.4 Hz, 2H), 1.73-1.64 (m, 4H), 1.32 (t, J = 5.2 Hz, 
1H). 13C-NMR (100 Hz, CDCl3): δ 62.0, 51.2, 29.7, 25.3. MS m/z: 86 ([M-H-N2]+), 43 
(100%).  HRMS (EI): Calcd. for C4H8NO 86.0606 ([M-H-N2]+), found: 86.0586. 
 
4-Azidobutanal (E26) 
  To a solution of 4-azido-1-butanol E25 (300 mg, 2.61 mmol), N-methylimidazole 
(21.4 mg, 261 µmol), 2,2’-bipyridyl (20.5 mg, 131 µmol) and TEMPO (20.5 mg, 131 
µmol) in MeCN (13 mL) was added CuOTf·1/2 benzene complex (33.0 mg, 131 µmol) 
at room temperature. The mixture was stirred at room temperature under air atmosphere 
(open) for 6 h. The reaction mixture was diluted with sat. NaHCO3 aq. and extracted 
with CH2Cl2 (3 times). The organic layer was washed with brine, dried over MgSO4 and 
evaporated. The residue was purified with flash column chromatography (Silica Gel 
60N, Et2O-pentane = 1 : 2) to afford 4-azido-1-butanal E26 (239 mg, 2.12 mol, 81%) as 
a pale yellow oil.  
pale yellow oil. IR (neat, cm-1): 2924, 2099, 1724. 1H-NMR (400 MHz, CDCl3): δ 9.80 
(d, J = 1.2 Hz, 1H), 3.36 (t, J = 6.8 Hz, 2H), 2.59 (t, J = 7.8 Hz, 2H), 7.29 (double 
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quintet, J = 6.8, 1.6 Hz, 2H). 13C-NMR (100 Hz, CDCl3): δ 200.8, 50.6, 40.8, 21.5. MS 




  To a flame-dried 30 mL two-necked flask were added Et2O (9 mL) and 
3-broropyridine (356 mg, 2.25 mmol) and the mixture was cooled to –78 °C. n-BuLi 
(1.6 N in hexane, 1.4 mL, 2.25 mmol) was added dropwise (via syringe) and the 
mixture was stirred for 10 min at the same temperature. Then, the solution of 
4-azide-1-butanal E26 (212 mg, 1.87 mmol) in Et2O (3 mL) was added dropwise and 
the mixture was stirred for 1.25 h at room temperature. The reaction was quenched with 
sat. NH4Cl aq. and the mixture was extracted with CHCl3 (3 times). The organic layer 
was washed with brine, dried over K2CO3 and evaporated. The residue was purified 
with column chromatography (Silica Gel 60N, AcOEt) to afford 4-azido-1-(3-pyridyl)- 
1-butanol E27 (235 mg, 1.22 mmol, 65%) as a reddish-brown oil.  
reddish-brown oil. IR (neat, cm-1): 3217, 2931, 2096, 1579. 1H-NMR (400 MHz, 
CDCl3): δ 8.57 (d, J = 2.0 Hz, 1H), 8.53 (dd, J = 4.6, 2.0 Hz, 1H), 7.71 (ddd, J = 8.0, 
2.0, 2.0 Hz, 1H), 7.29 (dd, J = 8.0, 4.6 Hz, 1H), 4.78 (m, 1H), 3.34 (m, 2H), 2.24 (br s, 
1H), 1.90-1.74 (m, 3H), 1.69-1.61 (m, 1H). 13C-NMR (100 Hz, CDCl3): δ 149.1, 147.7, 
139.6, 133.5, 123.6, 71.7, 51.3, 36.1, 25.2. HRMS (ESI): Calcd. for C9H13N4O 
193.1084 ([M+H]+), found: 193.1081.  
 
4-Amino-1-(3-pyridyl)-1-butanol (165) 
  To a solution of 4-azido-1-(3-pyridyl)-1-butanol E27 (300 mg, 1.56 mmol) in MeOH 
(6.0 mL) was added 10% Pd-C (30 mg) slowly under Ar atmosphere. After the reaction 
flask was purged with H2 (3 times), the mixture was stirred for 2.5 h at room 
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temperature under H2 atmosphere (balloon). After the reaction flask was purged with Ar, 
the mixture was filtered through Celite®. The filtrate was concentrated under reduced 
pressure. The residue was diluted with H2O and washed with CHCl3 (3 times). The 
aqueous layer was evaporated and CHCl3 was added to the residue. The solution was 
dried over K2CO3 and evaporated to afford 4-amino-1-(3-pyridyl)-1-butanol 165 (232 
mg, 1.40 mmol, 89%) as a yellow oil.  
yellow oil. IR (neat, cm-1): 3281, 2935, 1578, 1481, 1429. 1H-NMR (400 MHz, CDCl3): 
δ 8.60 (d, J = 2.0 Hz, 1H), 8.48 (dd, J = 4.8, 2.0 Hz, 1H), 7.73 (m, 1H), 7.26-7.24 (m, 
1H), 4.74 (dd, J = 8.8, 2.8 Hz, 1H), 3.95 (ddd, J = 12.5, 6.6, 4.0 Hz, 1 H), 2.71 (ddd, J = 
12.5, 9.0, 3.6 Hz, 1H), 2.01-1.95 (m, 1H), 1.87-1.76 (m, 1H), 1.75-1.66 (m, 1H) 
1.62-1.54 (m, 1H). 13C-NMR (100 Hz, CDCl3): δ 148.2, 147.9, 141.0, 133.4, 123.2, 
71.5, 41.6, 39.4, 29.4. MS m/z: 166 (M+), 109 (100%). HRMS (EI): Calcd. for 
C9H14N2O 166.1106 (M+), found: 166.1082. 
 
Myosmine (166) 
  To a solution of 4-amino-1-(3-pyridyl)-1-butanol 165 (42.0 mg, 250 µmol), DMAP 
(3.05 mg, 25.0 µmol), bpy (1.95 mg, 12.5 µmol), AZADO (1.90 mg, 12.5 µmol) in 
MeCN (2.5 mL) was added CuCl (1.24 mg, 12.5 µmol) at room temperature. The 
mixture was stirred at the same temperature under air atmosphere (open) for 1 h. Then, 
additional DMAP (3.05 mg, 25.0 µmol), bpy (1.95 mg, 12.5 µmol), AZADO (1.90 mg, 
12.5 µmol) and CuCl (1.24 mg, 12.5 µmol) were added at room temperature and the 
mixture was stirred for another 1 h at the same temperature. The mixture was diluted 
with sat. NaHCO3 aq. (2.5 mL) and extracted with CHCl3 (3 times). The organic layer 
was washed with brine, dried over K2CO3 and evaporated. The residue was purified 
with flash column chromatography (CHROMATOREX®-DIOL, CHCl3-Hexane = 1 : 1) 
to afford myosmine 166 (22.3 mg, 152 µmol, 60%) as a brown oil.  
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brown oil. IR (neat, cm-1): 3387, 2925, 1617. 1H-NMR (400 MHz, CDCl3): δ 9.00 (s, 
1H), 8.66 (d, J = 4.6 Hz, 1H), 8.19 (d, J = 7.8 Hz, 1H), 7.35 (dd, J = 7.8, 4.6 Hz, 1H), 
4.09 (t, J = 8.0 Hz, 2H), 2.97 (t, J = 8.0 Hz, 2H), 2.08 (tt, J = 8.0 Hz, 1H). 13C-NMR 
(100 Hz, CDCl3): δ 171.03, 151.2, 149.1, 134.6, 130.2, 123.4, 61.6, 34.8, 22.5. MS m/z: 
146 (M+), 146 (100%). HRMS (EI): Calcd. for C9H10N2 146.0844 (M+), found: 
146.0819. Spectral data was identified with previous report.50 
 




























  To a solution of (–)-mesembrine 16951 (24 mg, 83.6 µmol) in MeOH (1.0 mL) was 
added NaBH4 (6.3 mg, 167 µmol) at 0 °C. The mixture was stirred for 30 min at the 
same temperature. The mixture was concentrated under reduced pressure, the residue 
was diluted with H2O and extracted with CHCl3 (3 times). The organic layer was 
washed with brine, dried over K2CO3 and evaporated. The residue was purified with 
column chromatography (Silica Gel 60N, MeOH-CHCl3 = 1 : 9) to afford 
(–)-6-epi-mesembranol E28 (first eluate, 10.3 mg, 35.4 µmol, 42%) as a colorless oil 
and (–)-mesembranol 168 (second eluate, 7.97 mg, 27.3 µmol, 33%) as a colorless 




colorless crystals. mp 142 °C (CHCl3-Hexane). [α]D24 –22.8 (c 0.355, CHCl3): lit.52a –24 
(c 0.2, CHCl3). IR (neat, cm-1): 3376, 2930, 1520, 1254. 1H-NMR (400 MHz, CDCl3): δ 
6.93-6.87 (m, 2H), 6.82 (d, J = 8.4 Hz, 1H), 3.99 (m, 1H), 3.89 (s, 3H), 3.87 (s, 3H), 
3.23-3.19 (m, 1H), 2.74 (m, 1H), 2.36 (s, 3H), 2.31-2.24 (m, 1H), 2.20-2.15 (m, 1H), 
2.06-2.03 (m, 2H), 1.94-1.74 (m, 5H), 1.56-1.49 (m, 1H), 1.25-1.21 (m, 1H). 13C-NMR 
(100 Hz, CDCl3): δ 148.8, 147.1, 139.2, 118.8, 110.9, 110.6, 70.0, 66.8, 56.0, 55.9, 
54.3, 47.0, 40.5, 40.2, 34.9, 33.2, 32.9. MS m/z: 291 (M+), 290 (100%). HRMS (EI): 
Calcd. for C17H25NO3 291.1834 (M+), found: 291.1810.  
 
(–)-6-epi-Mesembranol (E28) 
colorless oil. [α]D24 –7.73 (c 0.152, CHCl3). IR (neat, cm-1): 3314, 2932, 1520, 1254. 
1H-NMR (400 MHz, CDCl3): δ 6.91-6.87 (m, 2H), 6.81 (d, J = 8.0 Hz, 1H), 3.93 (m, 
1H), 3.89 (s, 3H), 3.87 (s, 3H), 3.40-3.34 (m, 1H), 2.90 (br s, 1H), 2.47 (s, 3H), 
2.39-2.28 (m, 2H), 2.18-2.14 (m, 1H), 1.96-1.80 (m, 3H), 1.74-1.60 (m, 2H), 1.46-1.39 
(m, 1H). 13C-NMR (100 Hz, CDCl3): δ 148.8, 147.3, 138.3, 118.5, 110.9, 110.4, 68.9, 
67.0, 56.0, 55.9, 53.3, 47.5, 41.3, 40.9, 29.8, 28.23, 28.17. MS m/z: 291 (M+), 290 
(100%). HRMS (EI): Calcd. for C17H25NO3 291.1834 (M+), found: 291.1815.  
 
Oxidation of Mesembranol (168) (Scheme 3-7) 
Mesembrine (169) 
  To a solution of (–)-mesembranol 168 (10.0 mg, 34.3 µmol) in MeCN (1.8 mL) was 
added a solution of DMAP (520 µg, 6.86 µmol), bpy (534 µg, 3.43 µmol), AZADO 
(520 µg, 3.43 µmol) and CuCl (338 µg, 3.43 µmol) in MeCN (200 µL) at room 
temperature. The mixture was stirred for 3 h at the same temperature under air 
atmosphere (open). An additional solution of DMAP (419 µg, 3.43 µmol), bpy (267 µg, 
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1.71 µmol,), AZADO (260 µg, 1.71 µmol) and CuCl (169 µg, 1.71 µmol) in MeCN 
(100 µL) was added and the mixture was stirred for another 4 h. The mixture was 
diluted with sat. NaHCO3 aq. (2.5 mL) and extracted with CHCl3 (3 times). The organic 
layer was washed with brine, dried over K2CO3 and evaporated. The residue was 
purified with flash column chromatography (Silica Gel 60N, MeOH-CHCl3 = 1 : 99) to 
afford (–)-mesembrine 169 (8.10 mg, 28.0 µmol, 82%) as a colorless oil.  
(Note: In this reaction, AZADO, CuCl, bpy and DMAP were added at once as a MeCN 
solution to the reaction mixture because of the small quantities of these reagents.)  
colorless oil. [α]D28 –53.1 (c 0.355, MeOH): lit.53 –55.4 (c 1.16, MeOH). IR (neat, 
cm–1): 2942, 1717, 1520, 1254. 1H-NMR (400 MHz, CDCl3): δ 6.95-6.86 (m, 2H), 6.84 
(d, J = 8.4 Hz, 1H), 3.90 (s, 3H), 3.88 (s, 3H), 3.17-3.12 (m, 1H), 2.96-2.94 (m, 1H), 
2.60 (d, J = 4.0 Hz, 2H), 2.49-2.40 (m, 1H), 2.37-2.30 (m, 1H), 2.32 (s, 3H), 2.24-2.04 
(m, 5H). 13C-NMR (100 Hz, CDCl3): δ 211.4, 149.1, 147.6, 140.2, 118.0, 111.1, 110.1, 
70.4, 56.0, 55.9, 54.9, 47.5, 40.6, 40.1, 38.9, 36.2, 35.3. MS m/z: 289 (M+), 289 (100%). 
HRMS (EI): Calcd. for C17H23NO3 289.1678 (M+), found: 289.1667. Spectral data was 
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